UNCLASSIFIED 
AD  NUMBER 


AD347414 

CLASSIEICATION  CHANGES 

TO: 

unclassified 

FROM: 

confidential 

LIMITATION  CHANGES 

TO: 

Approved  for  public  release^  distribution 
unlimited 


FROM: 

Distribution  authorized  to  U.S.  Gov't, 
agencies  and  their  contractors; 
Administrative/Operational  Use;  JAN  1964. 
Other  requests  shall  be  referred  to  Office 
of  Naval  Research^  Arlington,  VA. 


_ AUTHORITY _ 

31  Jan  1976,  Group  4,  DoDD  5200.10;  ONR 
Itr  dtd  16  Feb  1979 


THIS  PAGE  IS  UNCLASSIEIED 


»»-  347^4 

DEFENSE  DOCUMENTATION  CENTER 

FOR 

SCIENTIFIC  AND  TECHNICAL  INFORMATION 

CAMERON  STATION.  ALEXANDRIA.  VIRGINIA 


DISCLAIMER  NOTICE 


THIS  DOCUMENT  IS  BEST  QUALITY 
PRACTICABLE.  THE  COPY  FURNISHED 
TO  DTIC  CONTAINED  A  SIGNIFICANT 
NUMBER  OF  PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


L 


■OTICE:  Iftien  fovaxiBM&t  or  other  dnwlxms,  qpeel- 
fieatione  or  other  det*  ere  used  for  eny  puzpose 
other  than  In  c<xineetl<ai  vlth  e  definitely  related 
goreiTent  proeurenent  operation,  the  U<  S. 
Oovenment  thereby  incurs  no  responsibility,  nor  eny 
obligation  shatsoever;  and  the  fact  that  the  Qovexn- 
■ent  nay  have  fonailated,  fhxnlshed,  or  in  woy  say 
supplied  the  said  dravlngs,  specifications,  or  other 
data  is  not  to  be  regarded  by  Inpllcation  or  other- 
vise  as  in  any  Banner  licensing  the  holder  or  any 
other  person  or  cozporation,  or  conveying  any  ri^ts 
or  pexnlssion  to  nanufaeture,  use  or  sell  any 
patented  invention  that  aay  in  any  vay  be  related 
thereto. 


WgnCE; 

THIS  DOCUMENT  CONTAINS  INFORMATION 
AFFECTING  TEE  NATIONAL  DEFENSE  OF 
THE  UNITED  STATES  WITHIN  THE  MEAN¬ 
ING  OF  THE  ESPIONAGE  LAWS,  TITIE  l8, 
U.S.C.,  SECTIONS  793  and  79^.  THE 
TRANSMISSION  OR  THE  REVELATION  OF 
ITS  COMTElfrS  IN  ANY  MANNER  TO  AN 
UNAUTHORIZED  lERSON  IS  FROEIErEED 


BY  LAW 


347414 


I  ^ 

rH 


KEPORT  NO.  aSSB-01-18  (OUAirrERI.Y) 
PERIOD  COVERED:  1  OCTOBER -81  DECEMBER  1888 


RESEARCH  IN  FLUORO-NITRO 
COMPOUNDS  (u> 


j  A  RE^RT  TO 

1 

i 

!  OFHCE  OF  NAVAL  RESEARCH 

I 

I 

AND 

ADVANCED  RESEARCH  PROJECTS  AGENCY 

CONTRACT  NOnr>MM<CO),  ARRA  ORDER  NO.  170 
PROJECT  CODE  4010 


UnitMl  StotM  Pat«iit  Offk*  Stcfcy  Order 


— .  ■■  -Nonq - — 

TIm  Atn^-Gwuwl  Cocpondoii  hM  fiUd  p«MM  •ppikuieas  la.  ifat  U.  &  PkMM  OMot  M> 
eovar  famatkio*  dltdoMd  la  ^  pubHcaitoa.  tad  dM  CoaMalMioaw  at  Punif  hM  taaM  a 
Mcngr  ofdw  ditnaa. 

CoaipUMM  widi  dM  acovUioa*  of  dd*  toenqr  oidot  nquim  dMi  dioM  vim  ncmw  a 
ditdoauM  of  dM  MCfot  aot^  aMtMr  ba  iafonnod  of  dM  aalMiaca  of  dM  mater  otdtt  aad  of 
dw  ptotifitt  for  tbt  vIoloMA  ilotoof* 

Yha  lodpiaat  of  dda  lopott  it  accotdiagljr  athted  dMt  dda  paMlcariaa  iadudM  fadonaadoa 
whldi  1*  now  oador  a  tactocjr  otdir.  It  la  laqataMd  that  ha  aodfjr  all  paiacaa  who  ardl  havt  acotM 
M  diia  aMMfial  of  tha  Mctaqr  oodir. 

Each  tacfoc*  oedtr  ptarbim  that  aajr  ptfaoa  who  hao  lacalvod  a  diacloMM  of  the  moiact 
OMtMr  covaiad  bf  tha  factaejr  oidar  la 

**ia  aowlaa  ao  iMMlak  or  diadoaa  dM  iavaadoa  or  aajr  aMMilal  Irfecaaadaa 
with  laapact  dMtoto,  iorludlag  hithano  iinpwhlldMd  dataila  of  tha  aobfact 
oMttaf  of  raid  appUcadoa,  la  aajr  wajr  to  aav  panoa  aet  Hjgaliaat  of  *a 
iaireatiaa  prior  (o  tha  diaa  of  dM  otdar.  iacludlag  aajr  iMplapaa  of  tha  pria- 
dpala,  hot  to  kaap  the  tMaa  aectat  aatapt  bjr  writtaa  patadtaioa  diet  ohiuaad 
of  tha  CnaMalarioaat  of  Pataaia.” 

Although  tha  orifioal  aaenqr  otdar  fochida  diacloaiua  of  tha  aMUarial  to  paiaaaa  aot  c«>piaaat 
of  tha  iavaarioa  prior  to  tha  data  of  the  order,  a  aipplaataoMl  paraait  attachad  to  each  oidar  doaa 
pemit  auch  diadoeota  to: 

"(a)  Aajrodkaroraaiployaeof  aoxdapattaMat,iodepaadtotagiDcjr,arbuiaaa 
of  tha  CotraraaMWof  the  Uoited  Staiaa. 

"(b)  Aajr  partoa  dealgaated  tpadficeUy  bjr  iba  head  of  aa»  depanaaaa^  iada> 
peadeat  agwify  or  buraao  of  tha  CoTiraaMat  of  tha  iMiad  liaiaa,  or  bf 
Ua  doijr  aotfaoriaad  aubordiaaM,  aa  a  proper  iadhrldoal  to  lacarto  dia 
diadoaura  of  tha  above  iariicaiad  appileatlea  for  uaa  la  dM  proaocadoa 
of  the  war. 

"Tha  priadaala  tindar  dM  aeciacjr  arc  further  audtorlaad  to  dltrioat  dM 
aubiect  aaatMr  of  thia  appUcatioo  to  die  atioimaat  aaoaaaarjr  aaaibar  of  pifaeaa 
of  baowo  lojraltjr  aad  oucratioB,  aaaplojrad  bjr  or  aoihhtg  widi  tha  pnadpala 
or  their  liwoatai  aad  aboaa  diitlaa  iavolva  coopantiaa  fat  the  davakpaiaa^ 
aMoufactura  or  uaa  of  dM  aabjact  aMttar  bjr  or  for  dM  (aovanUBtot  of  dM 
United  Stataa,  providad  auch  panona  art  adriaad  of  dM  iataaaca  of  dM 
lactacjr  order*** 

No  odMT  diadoauiaa  art  audioriwd,  without  wriiwa  petal  itafaa  froaa  the  Canuaitrioner  of 
Rtieata.  Public  Law  No.  299,  77di  Coiigiai»  providaa  that  whoavar  ahall  "wiltfuUjr  pubM  or 
diadoaa  or  auoioriM  or  cauaa  to  be  publithad  or  diacloaad  ludi  intreatioi^  or  aap  naMerial 
infoniMtioa  with  ratpact  dMiatex*’  whidi  ia  aadar  a  tacraejr  otdar,  "thoU;  nm  coariedoa,  be 
iaed  aot  amia  thaa  ditbOOO  or  iMpriaoaad  for  aoi  OMca  than  two  paara  or  bodk"  la  addWa% 
Aiblic  Law  No.  700,  7dth  Cooaitaa,  pfovidaa  that  dw  iavaadoa  ia  a  palaot  aMp  ba  held  abaa- 
doaad,  if  it  ba  aetabliahad  dMt  aura  baa  beaa  a  diadoauia  ia  violadoa  of  the  aaciacp  otdar. 

It  oMot  ba  uodertiood  that  the  mqaUmtmm  el  the  aaciocp  oedar  of  dM  Coaaadadaaar  of 
Paitaia  arc  ia  addition  to  dw  aaual  teenritp  laMilatitiaa  which  ate  fat  fotaa  with  taapact  to 
tedvidea  of  the  Aarojat-Gtaaial  Corporadoa.  Hw  aaual  tacirfitp  iMailadoaa  auMi  adH  ba 
obaarvad  aotarithataodiaa  aapthfoa  act  lortb  ia  dw  aactacp  order  of  iba  Coaaaiatioaer  of  Pataaia. 


CONFIDENTIAL 


January  1964 


Report  No.  0235-01-18 


RESEARCH  IN  FLUORO-NITRO  COMPOUNDS  (U) 


By: 

JV. 


f  t 

K, 

Baum 

V. 

Grakauskas 

J. 

M.  Cavallo 

M. 

P.  Mascari 

F. 

J.  Gerhart 

A. 

H.  Remanick 

Analytical  Support: 

C. 

L.  Deuel 

D. 

I.  Matson 

K. 

Inouye 

H. 

Nelson 

A  Report  To 

OFFICE  OF  NAVAL  RESEARCH 
and 

ADVANCED  RESEARCH  PROJECTS  AGENCY 


Contract  N0nr-2655(00),  ARPA  Order  No.  170 
Project  Code  4910 


This  document  contains  information  affecting  the  national  defense  of  the  United 
States  within  the  meaning  of  the  Espionage  Laws,  Title  18,  USC,  Sections  793 
and  794.  The  transmission  or  the  revelation  of  its  contents  in  any  manner  to 
an  unauthorized  person  is  prohibited  by  law. 


GROUP  4 

Downgraded  at  3 -Year  Intervals 
Declassified  After  12  Years 


AEROJET -GENERAL  CORPORATION 
A  Subsidiary  of  the  General  Tire  &  Rubber  Company 


CONFIDENTIAL 


UNCLASSIFIED 


Report  No.  0255-01-18 


This  is  the  eighteenth  quarterly  report  prepared  under  Contract  Nonr- 
2655(00).  The  ARPA  Order  No.  is  170;  the  Project  Code  is  4910.  It  covers 
the  period  1  October  through  5I  December  1963. 


AEROJET -GENERAL  CORPORATION 


L.  R.  Rapp,  Manager 
Chemical  Products  Division 


UNCLASSIFIED 


Page  ii 


CONFIDENTIAL 


Report  No.  025 5 ”01-18 


ABSTRACT 

The  reaction  of  1,1-dichloro-l-nitrobutane  with  difluoramine  in  fuming 
sulfuric  acid  gave  l,l-dichloro-l-(difluoramino)butane.  cis  5“Chlorocrotonic 
acid  was  converted  to  3“Chloro-5-(difluoramino)butyric  acid.  Attempts  to  hydrate 
or  brominate  3i3”'bls(difluoramino)-l,l-dichloro-l -butene  were  unsuccessful.  The 
reaction  of  N- [2, 2-dichloro-l,2-bis(difluoramino)ethyl]  acetamide  with  aqueous 
base  gave  the  anion  of  N-(2,2-dichloro-l-fluoramino-2-(difluoreunino)ethyl]  - 
acetamide.  The  reaction  of  methyl  vinyl  ketone  with  difluoramine  in  fuming 
sulfuric  acid  gave  1, 3 >5“tris (difluoramine )butane  and  2-methyl-2-difluoramino- 
5“  [l,l-bis (difluoramine )ethyl3  tetrahydropyran.  5”Nitro-2-pentanone  was  con¬ 
verted  to  5“nitro-2,2-bis (difluoramine )pentane. 

The  aqueous  fluorination  of  tetrahydro-2-pyrimidone  yielded  l,5”bis- 
(difluoramino)propane,  5“d.ifluoraminopropylcarbamyl  fluoride,  5”difluoraminopropyl 
isocyanate,  and  3“<iifluoraminopropionitrile.  The  carbamyl  fluoride  and  isocyanate 
were  treated  with  alcohols  to  form  carbamates,  which  could  be  fluorinated  further. 
Methanetriscarbamates,  prepared  from  ethyl  orthoformate  and  carbamates,  underwent 
degradation  during  their  fluorination. 

The  reaction  of  isopropyl  N-fluorocarbamate  with  TO^  perchloric  acid  yielded 
a  white  solid  after  most  of  the  acid  was  removed  under  vacuum.  The  addition  of 
dioxane  gave  a  recrys tallizable  solid,  identified  as  a  1:1  complex  of  N-fluor- 
amraonium  perchlorate  and  dioxane.  Most  of  the  dioxane  was  removed  from  the 
complex  under  high  vacuum. 

2,2-Dinitro-2-fluoroethanol  reacted  with  lOO^o  nitric  acid  to  give  the 
corresponding  nitrate.  This  alcohol  also  reacted  with  sodium  hypochlorite  to 
form  chlorofluorodinitromethane  and  with  primary  or  secondary  amines  to  give  the 
Mannich  reaction  products.  The  product  from  ammonia  was  unstable,  but  it  was 
reacted  with  ethyl  chloroformate  to  give  ethyl  dinitrofluoroethylcarbamate  and 
ethyl  dinitrofluoroethylcarbonate. 
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1.  i:)JTR0DLICTI0N 

The  objective  of  this  program  is  to  develop  new  methods  of  preparing  high- 
energy  materials  for  military  applications. 

il.  TECHNICAL  DISCUSSION 

A.  REACTIONS  OF  DIFLUORAMINE  (K.  Baum,  F.  .1,  Gerhart) 

1.  Discussion 

Efforts  to  prepare  a  1,1,1-trisdifluoraminoalkane  were  con¬ 
tinued.  Il  was  found  previously  that  the  reaction  of  vinylidene  chloride  with 
difluoramlne  in  fuming  sulfuric  acid  gave  1,1-dichloro-l-difluoraminoethane, 
L~chloro-l,l-bis(difluoraraino)ethane,  and  a  small  amount  of  another  material, 
the  proton  NMR  spectrum  of  which  was  consistent  with  the  l,l,l-tris(difluoramino)- 
ethane  structure.*  Two  attempts  to  reproduce  this  escperiment  for  the  purpose  of 
characterizing  the  latter  compound  resulted  only  in  the  isolation  of  the  former 
compounds . 

Because  of  experimental  difficulties  resulting  from  the  high 
volatility  of  these  products,  an  effort-  was  made  to  apply  this  reaction  to  a 
higher  homologue.  Since  it  had  previously  been  shown  that  nitro  groups  can  be 

•X  X 

removed  in  the  presence  of  difluoramlne  and  sulfuric  acid,  the  reaction  of 
I , 1 -dichloro-l-nltrobutane  with  difluoramine  was  attempted  with  the  objective  of 
preparing  l,l-dlchloro-l-(difluoramino)butane .  This  compound  was  synthesized  in 
bljt  yield  after  2  hours  when  the  reaction  was  conducted  at  ambient  temperature 
using  fuming  sulfuric  acid.  Its  infrared  spectrum  is  shown  in  Figure  1  and  its 

proton  and  fluorine  NMR  spectra  are  shown  in  Figure  2  and  Figure  3" 

HNFp 

CH  jCH^CH^CCl^KOg  - ^  CH^CH^CH^CCl^NF^ 

An  unsuccessful  attempt  was  made  to  replace  the  chlorine  atoms  by  extending  the  reac¬ 
tion  time  to  2k  hours;  only  l,l-dichloro-l-(difluoramino)but6me  was  isolated. 
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II  Technical  Discussion,  A  (cont.)  Report  No.  0255-01-18 

The  reaction  of  cis  3-chlorocrotonic  acid  with  difluoramine  was 
studied  with  the  objective  of  synthesizing  3>5-l>is(difluoramino)'butyric  aeid.  This 
model  reaction  would  give  a  route  to  a  new,  potentially  useful  class  of  compounds; 
acetoacetic  esters  did  not  undergo  the  expected  difluoramine  reaction.  When  cis- 
3-chlorocrotonic  acid  was  treated  with  refluxing  difluoramine  in  fuming  sulfuric 
acid,  3-chloro-3-(difluoramino)butyric  acid  was  isolated,  and  was  identified  by 
elemental  analysis,  and  by  infrared  (Figure  4),  proton  (Figure  5),  and  fluorine 
(Figure  6)  NMR  spectra.  When  this  reaction  was  repeated  at  ambient  temperature 
in  a  pressure  reactor,  the  same  product  was  formed.  The  inductive  effect  of  the 
carboxyl,  possibly  protonated,  could  be  responsible  for  inhibiting  displacement 
of  the  chlorine. 


HNF, 


CH^CCl  ^  CHGOOH 


Cl 

CH  CCH  COOH 
5  !  ^ 

NF^ 


The  reaction  of  l,l-dichloro-l-buten-5-one  with  difluoramine 
was  previously  shown  to  give  either  3,5-bis(difluoramino)-l,l-dichloro-l-butene 
of  N-|2,2-dichloro-l,2-bix(difluoramino)ethylj  acetamide,  depending  on  the  experi¬ 
mental  conditions.*  Some  further  work  was  done  to  determine  the  chemical  proper¬ 
ties  of  these  materials.  Thus,  the  hydration  of  3>5-l3is(difluoramino)-l,l- 
dichloro-l-butene  would  be  expected  to  give  a  p,p-bis(difluoramino)carboxylic 
acid.  No  reaction  took  place  when  this  olefin  was  heated  vrith  dilute  sulfuric 
acid  or  with  constant  boiling  hydrochloric  acid.  When  the  olefin  was  heated  with 
concentrated  sulfuric  acid,  it  decomposed,  and  no  product  could  be  isolated.  The 
olefin  was  also  found  to  be  unreactive  toward  bromine  in  carbon  tetrachloride  or 
water.  The  reaction  of  the  olefin  with  alcoholic  sodium  hydroxide  gave  a  ma¬ 
terial  with  acetylenic  absorption  in  the  infrared  spectrum.  Characterization  of 
the  product  is  incomplete. 


* 


Aerojet -General  Report  2730>  October  1963^  P»  5  (Confidential). 


Page  2 


CONFIDENTIAL 


I 


CONFIDENTIAL 


i 


t 

¥ 


II  Technical  Discussion,  A  (cont. ) 


Report  No.  0255-01-18 


When  N- (2, 2-dichloro-l,2-his(difluorainino)ethy]]  acetamide  was 
treated  with  aqueous  sodium  hydroxide,  a  homogeneous  solution  was  formed.  When 
this  solution  was  acidified,  a  new  compound  precipitated,  which  was  identified 
hy  elemental  analysis  and  by  infrared  (Figure  7)>  proton  (Figure  8),  and  fluorine 
(Figure  9)  WMR  spectra  as  N-^2,2-dichloro-l-fluoramino-2-(difluoramino)ethylj - 
acetamide.  This  material  was  found  to  be  soluble  in  aqueous  base  and  insoluble 
in  acid.  Its  acidic  properties  are  attributed  to  the  amide  hydrogen,  the  re¬ 
moval  of  which  gives  an  anion  stabilized  by  the  carbonyl  and  fluorlmino  groups. 


CH,CNHCH  -  CC1„NF- 

jit  t  ^  ^ 

0  NF^ 


OH 


o 


A 


CH,C  -  N  =  C  -  CCl^NF^ 
0  HF 

0 


CH,CNH  -  C  -  CCUNF- 

I!  d  d 


0  NF 

♦ 


OH 


0 


CH,C  =  N  -  C  -  eCUNF_  ■< - CH,CN  -  C  -  CC1„NF.^ 

Jx  II  ^  ^ 

O'O'  UF  '"O'  nn 


0'-'  HF 


Although  the  reaction  of  methyl  vinyl  ketone  with  difluoramlne 
in  concentrated  sulfuric  acid  is  known  to  give  l,5,5-tris(difluoramino)butane,* 
this  reaction  was  re-examined  using  fuming  sulfuric  acid  as  the  solvent  because 
of  the  unexpected  results  that  were  obtained  with  the  chlorinated  analog  under 
these  conditions.  The  product  was  found  to  contain,  in  addition  to  l,3,5"tris- 
(difluoramlno)butane,  2-methyl-2-difluoramino-5-[^l,l-bis(difluoramino)ethyl3  - 
tetrahydropyran.  The  infrared  spectrum  and  proton  and  fluorine  NMR  spectra  of 
this  compound  are  shown  in  Figures  10,  11,  and  12,  respectively.  This  material 
might  be  formed  either  by  the  reaction  of  the  intermediate,  5>5~T3is(difluoramino) 
1-butene,  with  methyl  vinyl  ketone  or  by  the  acid-catalyzed  self -condensation  of 
the  latter,  followed  by  reaction  with  difluoramlne. 
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HC 

I 


CH 

II 

CH, 


CCHj 


/^2\  .? 

HC  CH  -  CCH- 

II  I  ’ 

CHj 


HRT, 


^CHg^  ^2 
CHg  OT  -  CCHj 

^vl  I  NF 

CH, 

CHj  ^0^ 


5-Nitro-2-pentanone  was  also  treated  with  difluoramine  in 
fuming  sulfuric  acid.  The  product,  5-nitro-2,2-'bis(difluoranino)pentane  was 
characterized  by  elemental  analysis,  and  by  Infrared  (Figure  Ij),  and  proton 
(Figure  lU),  and  fluorine  (Figure  15)  NMR  spectra.  Reactions  of  this  compound 
will  be  studied. 

0 

CHjCCHgCHgCHgNOg 


HHF, 


NF, 


CHjCCHgCHgCHgNOg 


NT, 


2.  Experimental 

a.  1, 1-Dichloro-l-  (dlfluoramino  )butane 

1,1-Dichloro-l-nitrobutane  (4  g,  0.0232  mole)  was  added 
to  a  refluxing  mixture  of  approximately  27  g  of  difluoramine  and  11  ml  of  20^ 
fuming  sulfuric  acid  in  a  500-cc  glass  reactor  fitted  with  Fischer-Porter  glass 
needle  vsJLves.  After  1  hour  the  color  of  the  mixture  was  lif^t  purple.  The  valve 
were  closed  and  the  reaction  was  continued  at  room  temperature  for  2  hours.  The 
reactor  was  then  vented  and  the  contents  were  drained  into  a  beaker  containing 
*J.  B.  Tindall,  U.S.  Patent  2,397,384  (1944). 
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50  g  of  Ice.  The  aqueous  mixture  was  extracted  with  three  30-ml  portions  of 
methylene  chloride  which  were  combined  and  dried  over  sodium  sulfate.  The 
methylene  chloride  solution  was  distilled  through  a  25-cm  platinum  spiral  column 
to  give  2.8  g  (0.0143  moles,  6l^  yield)  of  l,l-dichloro-l-(difluoramino)but8uie, 
b.p.  U5°c/40  mm. 

Anal.  Calc'd  for  Cj^iyiFgClg:  C,  27.0;  H,  3.96;  N,  7.86;  F,  21.4 

Found:  C,  27.1;  H,  4.03;  N,  7.65;  F,  20.7 

The  proton  NMR  spectrum  (Figure  2)  consists  of  an  irreg¬ 
ular  triplet  at  I.03  ppm  and  complicated  multiplets  with  maximum  intensities  at 
109  and  133  cps.  The  irregular  triplet  at  I.03  ppm  is  assigned  to  the  terminal 
methyl  group,  -CHgCH^.  The  IO9  cps  multiplet  is  assigned  to  the  -GHgC^CH^ 
methylene  group  and  the  I33  cps  multiplet  to  the  -CHgCHgCH^  methylene  group.  On 
a  first  order  basis  the  latter  two  signals  would  be  expected  to  be  a  sextet  and 
a  triplet,  respectively.  Obviously  there  is  a  large  amount  of  second  order 
splitting.  The  fluorine  spectrum  (Figure  3)  consists  of  a  single,  somewhat 
broadened  signal  at  -41.92  ppm. 

b.  3“Chloro-3-(difluoramino)butyric  Acid 

cis-3-Chlorocrotonlc  acid  (2.4  g,  0.02  moles)  was  added 
to  a  refluxing  mixture  of  approximately  27  g  of  difluoramine  emd  10  ml  of  20^t 
fuming  sulfuric  acid.  The  mixture  was  allowed  to  reflux  for  4-1/2  hours,  8Uid 
then  the  excess  difluoramine  was  removed.  The  remaining  liquid  was  drained  into 
50  g  of  ice  and  the  mixture  was  extracted  with  three  20-ml  portions  of  methylene 
chloride.  The  extracts  were  combined  and  dried  over  sodium  sulfate.  The  sol¬ 
vent  was  distilled  through  a  25-cm  platinum  spiral  column  and  the  remainder  was 
distilled  to  give  2.05  g  (O.OII9  moles,  59^^  yield)  of  3“Chloro-3-difluoramino- 
butyric  acid,  b.p.  68°C/0.2  mm.  The  product  solidified  in  the  receiver,  giving 
a  white  solid,  m.p.  29-30°C. 

Anal.  Calc'd  for  Cj^H^NFgClOg:  C,  27-7;  H,  3.49;  N,  8.09;  F,  21.9 

Found;  C,  27.5;  H,  3.24;  H,  8.02;  F,  20.1 
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The  60-mc  proton  HMR  spectnim  (Figure  5),  obtained  using 
a  CC1|^  solution  with  'RtS  (tetramethylsllane)  as  an  Internal  standard,  consists 
of  a  triplet  at  2.07  ppm  (CH^C(NF2)C1-),  a  singlet  at  5«l6  ppm  (-C(HFg)ClCH2C0-), 
and  a  singlet  at  11.7^  Ppm  (-C00H).  The  fluorine  HMR  spectrum  (Figure  6)  con¬ 
sists  of  a  non-equivalence  quartet,  chemical  shifts  -32.65  and  -36. l6  ppm, 
coupling  constant  563  cps. 

c.  N-[2,2-Dichloro-l-fluorimino-2-(difluoramino)ethyl3 - 
acetamide 

N- (2 , 2-Dichloro - 1 , 2 -b i s ( d if luoramino ) ethylj  acetamide* 

(5  g,  0.0116  moles)  was  dissolved  in  I5  ml  of  a  5^  aqueous  solution  of  sodium 
hydroxide.  The  solution  was  stirred  at  room  temperature  for  15  min  and  was  then 
extracted  with  three  10-ml  portions  of  methylene  chloride.  The  aqueous  phase 
was  acidified  with  sulfuric  acid,  and  was  then  extracted  with  three  10-ml  por¬ 
tions  of  methylene  chloride.  The  acid  extracts  were  combined  and  dried  over 
sodium  sulfate.  The  solvent  was  distilled  off  and  a  pale  yellow  oil  remained. 

The  oil  was  dissolved  in  hot  cyclohexane.  White  crystals  formed  upon  cooling  to 
room  temperature.  The  solid  was  recrystallized  and  dried  in  vacuum  to  give 
1.7  g  (0.0071  moles,  61^  yield)  of  N-£2,2-dichloro-l-fluorimino-2-(difluoramlno)- 
ethylj  acetamide . 

Anal.  Calc'd  for  Cj^Hj^N^F^ClgO:  C,  20.2;  H,  1.68;  N,  17.7;  F,  2k.O 

Found:  C,  21.0;  H,  1.62;  N,  17.^+;  F,  2k,k 

The  60-mc  proton  HMR  spectrum  (Figure  8)  was  obtained 
using  a  CDCl^  solution  with  TMS  added  as  an  Internal  reference.  The  intense 
signal  at  2.25  ppm  is  assigned  to  the  methyl  group,  -COOTj.  The  signal  shows 
some  evidence  of  splitting  on  the  order  of  1  cps  or  less,  which  may  result  from 
long-range  coupling  or  possibly  from  the  presence  of  els  and  trans  forms  of  the 
amide.  The  broad,  weak  signal  at  7.83  ppm  is  assigned  to  the  amide  proton, 
-HHC0-.  The  F^^  spectrum.  Figure  9  (56.*<^  me,  CFCl^  Internal  reference)  contains 
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a  signal  at  -U3.U7  ppm,  assigned  to  the  ClgC(HF2)dlfluoramlno  group.  The  signal 
at  -25.25  ppm  (rou^ly  half  the  intensity  of  the  former)  is  assigned  to  the 
fluorimino  fluorine,  -C(=NF)-. 

d.  Reaction  of  Methyl  Vinyl  Ketone  with  Difluoramine 

Methyl  vinyl  ketone  (3  g,  0. 01*^3  moles)  was  added  drop- 
wise  to  a  refluxing  mixture  of  27  g  of  difluoramine  and  10  ml  of  20^  fuming 
sulfuric  acid.  After  the  solution  was  allowed  to  reflux  for  5  hours,  50  ml  of 
pentane  was  added  and  the  unreacted  difluoramine  was  vented  off.  The  acid  layer 
was  drained  into  a  heaker  containing  50  g  of  ice.  The  aqueous  mixture  was  ex¬ 
tracted  with  three  30-ml  portions  of  methylene  chloride,  which  were  combined  and 
dried  over  sodium  sulfate.  The  pentane  solution  was  distilled  through  a  25-cm 
platinum  spiral  column  to  give  3.4  g  (0.016I  moles,  37-51^  yield)  of  1,3,3-tris- 
(difluoramino)butane,  b.p.  50°C/23  mm.  The  methylene  chloride  solution  was 
distilled  to  give  0.70  g  (O.OO25  moles,  5.^  yield)  of  2-methyl-2-difluoramlno- 
5"Cl)l"bis(di f luorami no ) ethyl] tetrahydropyran . 

Anal.  Calc'd  for  CgH^jN^F^O:  C,  34. 2j  H,  4.66;  N,  14.95;  F,  40.5 

Found;  C,  34.2;  H,  4.48;  N,  15.2;  F,  4l.l 

The  60-mc  proton  NMR  spectrum  (Figure  11)  was  obtained 
using  a  CClj^  solution  with  TI6  added  as  an  internal  reference.  The  triplet  at 
1.44  ppm  is  assigned  to  the  ^C(lJFg)CI^  methyl  group.  The  quintet  at  I.63  ppm 
is  assigned  to  the  CH^C(NF2)2-methyl  group.  The  broadened  doublet  at  4.6l  ppm 
is  assigned  to  the  _^CHCHgO -methylene  group.  The  broad  complicated  multiplet 
partially  overlapped  by  the  triplet  and  quintet  (maximum  intensity  at  IO8  cps) 
is  assigned  to  the  remaining  ring  protons. 

The  56.4-mc  F^^  NMR  spectrum  (Figure  12)  was  obtained 
using  the  same  solution  with  CFCl^  as  an  internal  reference. 

The  relatively  intense  signal  at  -27.80  ppm  is  assigned 
to  the  geminal  difluoramlno  groups  CH^(N^)2-.  The  "nonequivalence  quartet" 
(chemical  shifts  -11.35  and  -17.39  PI®i>  coupling  constant  593  cps)  is  assigned 
to  the  ^C(HFg)CHj  difluoramlno  groups. 
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e .  5-Nitro-2, 2-bls (dlfluoramlno )pentane 

5-Nltro-2-pentanone  (5  6>  O.058  moles)  was  added  to  a 
refluxing  mixture  of  27  g  of  difluoramine  and  17  ml  of  20^  fuming  sulfuric  acid. 
The  solution  was  allowed  to  reflux  for  2-l/2  hours,  and  then  50  ml  of  methylene 
chloride  was  added  and  the  unreacted  difluoramine  was  removed.  The  mixture  was 
drained  into  a  heaJcer  containing  50  g  of  ice  and  was  extracted  with  three  20-ml 
portions  of  methylene  chloride.  The  extracts  were  combined  and  dried  over  sodium 
sulfate.  The  methylene  chloride  solution  was  distilled  through  a  25-cm  platinum 
spiral  column  to  give  4.8  g  (0.0219  moles,  57*7^  yield)  of  5“nitro-2,2-bis- 
( difluoramine )pentane,  b.p.  65°C/0.25  mm. 

Anal.  Calc'd  for  CgH^N^Fj^O^:  C,  27. 4j  H,  4.11;  N,  I9.I8;  F,  3^-7 

Found:  C,  27.7;  H,  4.50;  N,  18.6;  F,  34-9 

19 

The  60-mc  proton  and  56. 4 -me  F  NMR  spectra  of  the 
adduct  were  obtained  using  a  CClj^  solution  with  TMS  and  CFCl^  added  as  internal 
references.  The  quintet  (Figure  l4)  at  I.63  ppm  (splitting  a  few  cps)  is 
assigned  to  the  -C(NF2)2CHj  methyl  group.  The  broadened,  poorly  resolved  signal 
with  m?ixlmum  intensity  at  13I  cps  is  assigned  to  the  overlapping  signals  of  the 
two  NO2CH2CH2CH2 -methylene  groups.  The  irregular  triplet  at  4.37  Ppm  is  assigned 
to  the  N02CH^CH2 -methylene  group.  The  fluorine  spectra  (Figure  15 )  consists  of  a 
single  slightly  broadened  signal  at  -26.94  ppm. 

B.  AQUEOUS  FLUORINATION  (V.  Grakauskas) 

1.  Discussion 

The  aqueous  fluorination  of  tetrahydro-2-pyrimidone  was  studied 
with  the  objective  of  obtaining  an  improved  method  for  the  preparation  of 
l,3-bis(difluoramino)propane,  which  is  required  for  stability  studies. 

(HgO) 

^  C  =  0  +  F2  - >  NF2(CH2)5NF2 
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However,  only  a  5  to  Tjt  yield  of  this  product  was  Isolated  from  the  reaction 
mixture.  The  main  reaction  product  was  Identified  as  3-dlfluoramlnopropylcarbafflyl 
fluoride,  NF2(CH2)jNHC0F.  This  identification  was  made  on  the  basis  of  the 
product's  elemental  analysis,  its  infrared  spectrum  (Figure  l6),  and  its  proton 
(Figure  17)  and  fluorine  (Figure  I8)  NMR  spectra.  Other  products  of  this  reac¬ 
tion  were  the  previously  identified  3"difluoraminopropyl  isocyanate,  HF2(CH2)jNC0, 
and  5-difluoraminopropionitrile,  NF2(CH2)2CN,  identified  on  the  basis  of  infrared 
spectrum  (Figure  I9),  elemental  analysis,  and  proton  (Figure  20 )  and  fluorine 
(Figure  21 )  NMR  spectra.  The  latter  apparently  results  from  the  dehydr of luori na¬ 
tion  of  l,3-bis(difluoramino)propane. 

^  ^  HgO  ^  HF2(CH2)5HF2  +  NF2(CH2)2CN 

^  +  NF2(CH2)jNHC0F  +  NF2(CH2)jNC0 

The  carbamyl  fluoride  might  be  formed  in  a  four-center  reaction 
between  the  intermediate,  N-fluoro-tetrahydro-2-pyrimidone,  and  fluorine: 


(HpO) 

- . .  ■  ) 


^  NF2(CH2)jNHC0F 


The” isocyanate  might  be  produced  either  by  dehydrofluorination  of  the  carbamyl 
fluoride, 

NFp  ( CH2 ) jNHCOF  >  NFg  ( CH2 ) jNCO 

or  by  a  route  similsu:  to  that  described  previously  for  substituted  cycloalkyl 
* 

ureas. 

3"Difluoraminopropylcarbamyl  fluoride  and  3-<iifluoraminopropyl 
isocyanate  apparently  did  not  react  with  water  during  the  fluorination  because 


* 
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of  their  Insolubility.  The  Isocyanate,  however,  reacted  readily  with  alc^ols 
to  give  the  corresponding  carbanates.  The  cwbaoiyl  fluoride  reacted  with  alco¬ 
hols  very  slowly,  the  reaction  proceeding  only  to  50?^  cosiplotlon  at  rocn  tenper- 
ature  In  ^  days.  However,  when  an  ethanollc  solution  of  3~dlfluoraBlnopropyl- 
carbanyl  fluoride  was  refluxed  for  5  hours,  ethyl  J-difluoramlnopropylcarbOBate 
was  obtained  In  high  yield: 

NF2(CH2)jNHC0F  +  CgH^OH  +  HP 

The  fluorinatlon  of  this  carbamate  gave  a  low  yield  of  l,3-bis(difluoramino)- 
propane,  apparently  because  of  the  insolubility  of  the  starting  material.  To 
avoid  this  problem,  2 -hydroxy ethyl  J'difluoramlnopropylcaurbamate,  very  soluble 
in  water,  was  synthesized  by  reacting  the  carbanyl  fluoride  with  a  large  excess 
of  ethylene  glycol: 

NP2(CH2)jHHC0F  +  HOCH2CH2OH  - »  NF2(CH2)jMHC02CH2CH2°®^ 

The  compound  was  characterized  on  the  basis  of  Its  elemental  analysis.  Its  infra¬ 
red  spectrum  and  Its  proton  and  fluorine  NMR  spectra.  The  ccsipound  boiled  too 
high  for  distillation,  so  an  aqueous  solution  of  the  crude  material  was  fluorl- 
nated.  However,  only  a  lOfi  yield  of  l,5-bls(difluoramlno)propane  resulted. 

Methanetrlscarbamates,  HC(HHCOOR)j,  which  have  not  been  reported 
previously,  were  synthesized  in  45  to  yields  by  reacting  ethyl  orthoformate 
with  carbamates  at  110  to  150^0  in  the  presence,  of  a  catalytic  aBK>unt  of  anillm 
sulfate: 

HC(0C2H^)j  +  5  NH2COOR  Aniline  Sulfa.te  ^  hc(HHC0C»)j  +  3  CgH^OH 

These  compounds  (R  >  CH^  or  C2H^)  were  charuterlzed  on  the  basis  of  their  ele¬ 
mental  analyses,  their  Infrared  spectra,  suid  their  proton  IMR  spectra.  These 
compounds  were  synthesized  with  the  objective  of  using  them  as  starting  materials 
for  the  preparation  of  trls(dlfluoraBlno)methans  or  peortially  fluorlnated  Inter¬ 
mediates. 
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(H^O)  /^2 

HC(RHC00R)j  +  Fg  - = — ►  HC(l!HCOOR)g  - »  - >  HC(llPg)j 

The  fluorination  of  either  trimethyl  or  triethyl  methanetricarbasMites,  however, 
did  not  give  the  desired  products.  Instead,  a  mixture  of  the  corresponding 
alkyl  carbamates  and  N-fluorocarbamates  was  isolated,  Indicating  the  hydrolysis 
of  either  the  starting  materials  or  their  N-fluoro  derivatives.  A  similar 
reaction  also  took  place  when  an  attonpt  was  made  to  nitrate  HC(NHCOQEt)^  with 
nitric  acid;  only  ethyl  nitrocarbamates  were  obtained. 

Attempts  were  also  made  to  synthesize  1,1,1-ethane-  and 
l,l,l-propane-tri8carbamates  from  the  corresponding  orthoesters.  However, 
in  both  cases  the  reaction  products  were  identified  (elemental  analysis,  infrared 
spectra,  and  proton  MMR  spectra)  as  the  corresponding  N-carboalkoxylmlnoethers: 

RC(OC-Hc),  +  NH^C00C_Hc  - )  RC  =  NCOOC^Hc 

”  '  '  (B  -  CH,,  C,H,) 

• 

One  attempt  was  made  to  fluorlnate  CgH^C(OCgH^)  *=  NCOOCgH^  with  the  objective  of 
.  replacing  the  carbethoxyl  group  by  fluorine.  This  reaction,  however,  gave  ethyl 
proplonyl  carbamate. 

(HgO) 

C2H^C(0C2H^)  =  NCOOCgH^  +  Fg  - - — >  CgH^COMHCOOCgH^ 

2.  Experimental 

a.  5”Dlfluoramlnopropylcarbamyl  Fluoride 

A  solution  of  70  g  (0.7  mole)  of  tetrahydro-2-pyrlfflldone 
in  650  ml  water  was  fluorlnated  at  0  to  5°C  until  U6  liters  (J.O  mole)  of  fluorine 
was  consumed.  The  reaction  mixture  containing  20  to  ^0  ml  of  water- Insoluble 
liquid  was  extracted  with  four  55"®!  portions  of  methylene  chloride.  The  combined 
extracts  were  dried,  treated  with  solid  sodium  bic6u:bonate,  and  filtered,  and  the 
•  filtrate  was  worked  up.  After  the  solvent  was  removed  the  residual  liquid  was  sepa¬ 
rated  by  distillation  into  three  fractions:  (l)  b.p.  25-35°C/25  nn,  (2)  b.p. 
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25-45°C/0.2  nm,  and  (3)  h.p.  65-80°C/0.1  mn.  TOie  material  of  fTMtion  (3),  25  g, 
was  redistilled  to  give  a  clear  liquid,  b.p.  65“66°c/0.1  mm,  1.3960,  which 
was  Identified  as  3”difluor8jninopropylcarbaniyl  fluoride. 

Anal.  Calc'd  for  C,  50.77J  H,  1^.52;  N,  17*95;  F,  36.51 

Found:  C,  51. Oj  H,  4.6;  N,  17*5;  F,  56.0 

Infrared  spectrum  of  the  compound  is  shown  in  Figure  l6. 

The  60-mc  proton  MMR  spectrum  (Figure  17)  was  obtained 

using  a  CDCl,  solution  with  TMS  added  as  an  internal  reference.  The  spectrum 
5 

consists  of  a  quintet  at  I.98  ppm,  a  complex  multlplet  (12  lines),  and  a  broad 
signal  at  5.68  ppm.  The  quintet  Is  assigned  to  the  -CHgCHgCH^-  protons.  The 
broad  signal  at  5*68  ppm  Is  assigned  to  the  -RH-  proton.  The  rennlnlng  mul- 
tlplets  may  be  resolved  Into  a  triplet  of  triplets  due  to  the  NFgCHgCHg- 
protons  centered  at  5*58  ppn  (splitting  29.5  cps)  In  which  the  central  triplet 
Is  overlapped  by  a  quartet  due  to  the  -CHgCHgMH-  protons  at  5.54  PI«. 

The  56.4-mc  fluorine  NMR  spectrum  (Figure  I8)  was  obtained 
using  a  chloroform  solution  with  CFCl^  as  the  Internal  reference.  The  spectrum 
consists  of  a  triplet  (splitting  28.5  ops)  at  -55.30  PP®  ®U3d  two  doublets  of 
unequal  Intensity  at  +14.59  (splitting  7*5  cps)  and  +21.11  (splitting  21.4  cps) 
ppm.  The  Intensity  of  the  doublet  at  +14.59  PPn  Is  about  ten  times  that  of  the 
doublet  at  +21.11  ppm.  The  triplet  may  be  assigned  to  the  NFgCHg-  fluorines. 

The  two  signals  at  high  field  may  be  Interpreted  as  surlsing  from  two  sei>arate 
configurations  of  the  -CHgRHCOF  group  resulting  In  different  magnetic  shielding 
environments  for  the  acid  fluorine,  or  by  assuming  that  the  less  Intense  signal 
Is  due  to  CF  Impurity.  The  splitting  of  the  signals  Into  doublets  can  be 
attributed  to  coupling  to  the  -IW-  proton. 

b.  5"Dlfluoramlnopropionitrlle 

The  material  of  the  main  fraction  (2)  —  see  paragraph 
II,B,2,a  -  18  g,  was  redistilled  into  two  fractions:  (l)  b.p.  58-50°C/25  sm, 
1.5655;  5.5  g,  and  (2)  b.p.  58-6o°c/25  nm,  1.5920;  11. 5  g.  The  lower 
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hoillxig  cosqpound  vas  Identified  hy  gas  cbroBatogra]^  and  Infrared  spectruB  as 
80^  pure  l,3>blB(difluorafflino}propane,  contaminated  with  both  3>dlfIuoraBlno> 
proplonltrlle  and  3>dlfluoraalnopropyl  Isocyanate.  The  hlc^er-bolllng  fraction 
was  found  to  be  a  mixture  of  the  isocyeuiate  and  3'*dlfluoraBlnoproplonltrlle, 
containing  about  Uo^  of  the  latter.  An  auoalytleal  sample  of  pure  3~difluoraBino- 
proplonitrlle  vas  Isolated  from  this  fraction  by  gas  chromatography. 

Anal.  Calc'd  for  CjHj^NgFg!  C,  33.96;  H,  3.80;  N,  26.41;  P,  35.84 

Found:  C,  33.7;  H,  3.9;  N,  26.3;.  F,  37.0 

In  a  separate  experiment  some  of  the  isocyanate-nitrile 
mixture  vas  treated  vlth  methanol  to  convert  the  isocyanate  to  the  corresponding 
carbamate.  When  excess  of  methanol  vas  removed  93^  pure  (as  determined  by  gsuB 
chromatography),  3~diflu.oraminoproplonltrlle  distilled  over.  Infrared  si>ectrum 
of  3-difluoraminopropionitrile  is  shovn  in  Figure  19 . 

The  60-mc  proton  (Figure  20 )  and  56.4  me  fluorine  (Fig¬ 
ure  21)  NMR  spectra  vere  obtained  using  about  1:1  CDClj/CClj^  solution  vlth  TMS 
and  CPClj  as  internal  references.  The  proton  spectrum  is  composed  of  a  triplet 
at  2.8o  ppm  and  a  triplet  of  triplets  centered  at  3.81  ppm.  The  hicd^-fleld 
triplet  is  assigned  to  the  -CHgCggCN  protons.  The  lov-field  triplets  have  a  HF 
splitting .  equal  to  26.9  cps,  euid  sure  assigned  to  the  NFgt^CHg-  protons. 

The  fluorine  NMR  spectrum  consists  of  a  single  signal 
at  -51.66  ppm.  This  signal  has  the  appearance  of  a  broadened  triplet  and  is 
assigned  to  the  NFgCHg-fluorines. 

c.  l,3~Bis(dlfluoraffllno)propane 

Material  of  the  loves t  boiling  main  fraction  (see  para¬ 
graph  II,B,2,a),  3.3  g>  ''es  Identified  by  gas  chromatography  and  by  infkared 
spectrum  as  73^  pure  l,3-bie(dlfluorafflino)propeuae.  The  total  asnunt  of  the 
compound  in  main  frsMStlons  (l)  euid  (2)  of  3~difluoraailnaprqpylcarbaaiyl  fluoride 
vas  crudely  estimated  at  7  to  9  g. 
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d.  Ethyl  3-DlfluoraBinoproGnrlc>^^»B^^ 

A  solution  of  6.0  g  of  ^-difluorsnlnopropylcarhaaiyl 
fluoride  In  13  ml  absolute  ethanol  vas  heated  up  to  70  to  73°C  auod  nalntained  at 
this  temperature  for  6  hours.  The  reaction  mixture  was  worked  up  to  give  6.0  g 
of  the  carbamate,  b.p.  66-67^c/o.l  mm,  which  was  Identified  by  ccsparing  its 
physical  properties  and  Its  Infreured  spectrum  with  those  of  an  authentic  sample.* 

e.  2 -Hydroxy ethyl  3~l>ifluoramlnopropylcarbaiBate 

To  30  g  of  ethylene  glycol  was  added  U.O  g  of  3'^ifluor- 

amlnopropyl  Isocyanate,  and  the  reaction  mixture  allowed  to  stand  with  stlxring 

at  room  temperature  for  2.3  hours.  The  originally  Insoluble  Isocyauiate  gradually 

went  Into  solution  and  the  reaction  mixture  warmed  to  29  to  3S°C.  The  solution 

was  concentrated  at  70°C  bath  temperature  at  0.1  mn  to  remove  the  excess  of 

ethylene  glycol  to  leave  4.3  g  of  pale-yellow  viscous  liquid.  A  saaple  of  the 

crude  material  was  purified  In  a  moleculEur  still  at  130°C  bath  temperature  at 

25 

0.1  mm  pressure  to  give  a  colorless  liquid,  1.4475* 

Anal.  Calc'd  for  C,  56.36j  H,  6.10;  N,  l4.l4;  P,  I9.I8 

Found:  C,  56.7;  H,  6.3;  N,  14.2;  F,  I9.8 


In  another  experiment,  3~dlfluoraffllnopropylcarbamyl 
fluoride  was  reacted  with  excess  of  ethylene  glycol  by  allowing  the  solution  to 
stand  at  rocmi  temperature  for  a  period  of  10  days.  Crude  2-hydroxyethyl 
3-dlfluoramlnopropylcarbamate  was  obtained  practically  quantitatively  when  the 
excess  of  ethylene  glycol  was  rmnoved  at  reduced  pressure. 

f.  Trlethyl  Methanetrlscarbamate 

A  mixture  containing  40  g  (0.27  mole)  of  ethyl  ortho¬ 
formate,  74  g  (0.81  mole)  of  ethyl  carbamate,  and  0.7  g  of  aniline  sulfate  was 
heated  In  a  distillation  apparatus  to  113  to.  123°C  and  maintained  at  this 
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temperature  until  the  distillation  of  ethanol  ceased.  During  a  period  of  2.3 
hours,  32  ml  of  ethanol  distilled  over.  At  the  end  of  this  period,  the  reaction 
temperature  was  gradually  increased  to  133°C,  and  an  additional  13  ml  of  ethanol 
was  removed  from  the  reaction  mixture  over  a  period  of  I.5  hours.  IDie  liquid 
reaction  mixture  on  cooling  to  room  temperature  solidified.  The  crude  material 
was  purified  by  crystallization  in  methylene  chloride  to  give  a  white  crystalline 
solid,  m.p.  210-211°C. 

Anal.  Calc'd  for  C,  U3.5I;  H,  6.9I;  N,  I5.I6 

Found:  C,  U3.I;  H,  6.8;  N,  15. 0 


g.  Trimethyl  Methanetriscarbamate 

Trimethyl  methanetriscarbamate  was  synthesized  from  ethyl 
orthoformate-  and  methyl  carbamate  in  a  reaction  identical  to  that  described  in 
paragraph  II,B,2,f.  The  crude  material  was  purified  by  crystallization  from 
methanol  to  give  a  white,  crystalline  solid,  m.p.  176-178°C  in  43^  yield. 

Anal.  Calc’d  for  C,  35*74;  H,  5-57;  N,  I7.87 

Found:  C,  36.0;  H,  5*6;  N,  17.8 

In  a  separate  experiment  a  mixture  of  ethyl  orthoformate 
and  methyl  carbamate  in  the  absence  of  aniline  sulfate  was  heated  up  to  l45°C. 

No  ethanol  distilled  over  and  after  heating  the  mixture  for  a  few  hours,  only 
the  starting  materials  were  recovered. 

h.  Ethyl  N-Carbethoxyiminoacetate 

A  mixture  containing  32.5  g  (0.2  mole)  of  ethyl  ortho¬ 
acetate,  60  g  (0.4  mole)  of  ethyl  carbamate,  and  0.7  g  of  aniline  sulfate  wm 
heated  in  a  distillation  apparatus  to  110  to  120^0  and  maintained  at  this  tem¬ 
perature  for  a  period  of  1.5  hours.  During  this  time,  20  ml  of  ethanol  dis¬ 
tilled  over.  The  reaction  mixture  was  cooled  to  5  to  10°C  and  ethyl  carbamate 
that  crystallized  out  from  the  solution  was  removed  by  filtration.  The  filtrate 
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vas  dissolved  In  I30  ml  carbon  tetrachloride  and  the  solution  erne  vaehed  vlth  two 
100-ml  portions  of  vater  to  remove  unreacted  ethyl  carbamate.  The  carbon  tetra* 
chloride  solution  vas  dried  aM  woi'xed  up  to  give  27  g  of  a  colorless  liquid, 
b.p.  89-90°c/25  mm,  1.4300.  The  material  was  found  to  be  contaminated  with 
20  to  23^  of  ethyl  carbamate,  and  an  analytical  sample  vas  obtained  by  gas 
chromatography. 

Anal.  Calc'd  for  C^^^NOj!  C,-  52.82;  H,  8.25;  N>  8.80 

Found:  C,  52.5;  H,  8.26;  N,  8.98 

1.  Ethyl  N-Carbethoxyimlnoproplonate 

Ethyl  N-carbethoxyimlnopropionate,  b.p.  38“39°C/0.1  mm, 
1.4310,  was  prepared  from  ethyl  orthopropionate  and  ethyl  carbamate  In  the 
manner  described  in  paragraph  II, B,2,h.  In  this  case,  excess  of  ethyl  carbamate 
present  in  the  crude  material  was  removed  by  thorough  washing  with  vater,  and  a 
pure  product  was  obtained  on  distillation. 

Anal.  Calc'd  for  CgH^^NO^;  C,  55-5;  H,  8.7;  N,  8.0 

Found;  C,  55*5;  H,  8.65;  N,  8.25 

^  J.  Fluorination  of  Ethyl  N-Carbethoxylmlnopropionate 

A  suspension  of  I5.7  g  (0,08  mole)  of 

ethyl  N-carbethoxylminopropionate  in  500  ml  water  was  fluorinated  at  0  to  5°C 
until  2.5  liter  (m  0.1  mole)  of  fluorine  gas  was  consumed.  The  reaction  mixture 
was  extracted  with  four  30-ml  portions  of  methylene  chloride.  The  combined 
extracts  were  dried  and  distilled  to  leave  5.0  g  of  a  white  solid  residue. 

The  mater led  vas  recry stedll zed  from  a  benzene -hexeuie  mixture  to  give  a 
white  solid,  m.p.  8l-82°C  which  was  Identified  aw  ethyl  H-]^ropionyl  carba¬ 
mate  (N,  calc'd  9.651^;  found  9.6?t). 
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C.  FLUORAMNQHIUM  SAITS  (A.  Remanick) 

1.  Dlsctisalon 

The  Investigation  of  the  solvolysis'  of  N-fluorocarbaoates  haul 
been  continued  with  the  intent  of  isolating  fluoranoonium  perchlorate,  a  poten¬ 
tial  high  energy  oxidizer  for  solid  propellants.  It  was  previously  fovmd  that 

isopropyl  N-fluorocarbamate  reacted  with  excess  70^  perchloric  acid  to  give  90^t  of 

19 

the  theoretical  amount  of  carbon  dioxide.  The  F  RMR  spectrum  of  the  perchloric 
acid  solution  Indicated  the  presence  of  the  fluoreumnonium  cation.  However,  no 
solid  material  was  Isolated  after  most  of  the  perchloric  'acid  itaa  removed  under 
vacuum  eind  the  residue  was  diluted  with  dlglyme  or  ether. 

The  reaction  of  isopropyl  N-fluorocar'beuaate  with  excess  70^ 
perchloric  acid  was  repeated,  euid  the  perchloric  acid  was  removed  in  a  molecular 
still  at  10  ^  to  give  a  white  solid.  Elemental  emalysis  suggested  the  material 
was  fluorammonlum  i>erchlorate  contaminated  with  JO^  perchloric  acid.  The  ma¬ 
terial  was  very  hygroscopic  but  could  be  manipulated  in  a  dry  atmosphere. 

Because  of  the  extended  periods  (k)  hours)  necessetry  to  evapo¬ 
rate  the  solution  to  dryness,  further  attempts  were  made  to  Isolate  fluorammonlum 
perchlorate  from  the  slurry  obtained  by  partial  evaporation  of  the  solution.  The 
slurry  was  found  to  be  soluble  in  dlglyme,  tetrahydrofuran,  and  ethyl  acetate. 
Addition  of  ether,  carbon  tetrachloride  or  chloroform  to  the  dlglyme  solution 
yielded  oily  products.  However,  washing  of  the  slurry  with  dloxane  left  a  crys¬ 
talline  material  whose  analysis  indicated  a  1:1  complex  of  fluoramsionium  per¬ 
chlorate  and  dloxane.  This  complex  could  also  be  Isolated,  in  analyticed.  purity, 

from  a  tetrahydrofureui  solution  of  the  slurry  by  precipitation  with  dloxane. 

19 

Confirmation  of  the  structure  was  obtained  by  F  ^  and  proton  RMR  spectra. 

The  fluorammonlum  perchlorate-dloxane  complex  was  stable  for 
severed  days  in  a  dry  atmosphere  at  room  temperature.  However,  at  lOO^C,  it 
decomposed  rapidly. 

Attempts  to  remove  the  dloxane  from  the  coqplex  have  been 
peurtially  successful.  Thus,  edter  3  hours  in  a  sublimation  apparatus  at  20°C/3  n, 
the  solid  showed  kSjk  dloxane  (by  ceurbon  anedysls).  Additional  treatment  under 
these  conditions  left  a  solid  '>diich  contained  28^  dloxane.  This  work  is  being 
continued. 
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The  reaction  of  ethyl  H-fluoro-  H-iMthyl  carhaaate  with  excess 
methanesulfonlc  acid  vas  attempted  In  order  to  prepare  a  substituted  fluorassKMoiliai 
salt.  However,  no  solid  material  could  be  Isolated  from  this  reaction. 

2.  Experimental 

a.  Reaction  of  Isopropyl  N-Fluorocarbamate  with  JOi 
Perchloric  Acid 

Isopropyl  N-fluorocetrbamate  was  reacted  with  excess  70^ 
perchloric  acid  in  the  manner  previously  described.  Most  of  the  solvent  was 
removed  under  vacuum  (20°c/l0  u)  in  20  hours.  A  small  portion  of  this  material 
was  placed  in  a  sublimation  pistil  and  the  residual  solvent  was  removed  under 
vacuum  (20°C/l0  u)  in  10  hours.  The  solid  which  remained^ rapidly  hydrated  on 
exposure  to  the  atmosphere.  Repetition  of  this  procedure  and  subsequent  manipu¬ 
lation  in  an  inert  atmosphere  gave  a  white  solid. 

Anal.  Calc'd  for  FNH^CIO^:  N,  10.4;  F,  lU.Oj  ClOj^”,  73*5 

Found:  N,  8.57;  F,  10.0;  CIO^",  71.1 

b.  Preparation  of  a  Fluorammonlum  Perchlorate-Dloxane 
Complex 

Ethyl  N-fluorocarbamate  was  reacted  with  excess  perchloric 
acid  as  previously  described.  Solvent  was  removed  under  vacuum  (20^C/l0  p)  until 
a  heavy  slurry  remained.  The  slurry  was  transferred  to  a  funnel  euod  washed  with 
small  portions  of  dioxane.  A  white  amorphous  solid  remained. 

Anal.  Calc'd  for  FHHjClO^-C^HgO:  C,  21.5;  H,  4.90;  N,  6.6;  F,  8.55 

Found:  C,  21.1;  H,  4.98;  N,  7.0;  F,  8.8 

By  dissolving  the  slurry  in  a  minimal  quantity  of  tetrahydrofuran  and  adding 
dioxane,  a  white  crystalline  solid  was  obtained,  m.p.  100-105^0  (dec.). 

Anal.  C,  21.5;  H,  5*06;  N,  6.2;  F,  8.2 
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nie  F  ^  HMR  spectruB  of  the  eoeqplex  in  concentrated 

sulfuric  £u:id  vas  identical  to  that  of  the  previously  reported  fluoraBBoniun 

salt.  The  proton  NMR  spectrum  shoved  a  singlet  at  +6.72,  relative  to  sulfuric 

acid  (dloxane),  and.  a  singlet  at  +UU  cps.  This  signal  may  he  regarded  as  the 

upfield  member  of  a  doublet  at  +0.37  ppm  assignable  to  the  ion,  the  low- 

field  member  of  which  is  obscured  by  the  intense  sulfuric  acid  signal.  This 

assignment  is  suggested  by  the  close  correspondence  of  displacement  of  the 

signal  (+44  cps)  from  the  sulfuric  acid  signal  and  the  splitting  (45  cps)  ob- 
19 

served  in  the  F  ^  spectrum. 

c.  Attempted  Removal  of  Dioxane  from  the  Fluoraanonium 

Perchlorate-Dioxane  Cooplex 

A  small  amount  of  the  complex  was  placed  in  a  sublima¬ 
tion  pistil  and  subjected  to  high  vacuum  (20°c/5  ^)  for  5  hours.  Elemental 
analysis  revealed  9*93^  carbon.  Treatment  under  the  same  conditions  for  an 
additional  6  hours  left  a  solid  which  contained  5«93?t  carbon.  Further  work  is 
in  progress. 

d.  Reaction  of  Ethyl  N-Fluoro-N-Methylcarbaisate  with 

Methanes ulfonic  Acid 

To  1.0  g  (0.0082  mole)  ethyl  N-fluoro-N-methylcarbamate 
in  a  round  bottexn  flask  was  added  4.3  ml  of  methanes  ulfonic  acid.  The  flask  was 
connected  to  a  gas  burette  and  placed  in  a  preheated  (83^0 )  bath.  Heating  was  . 
continued  (85  to  90°C)  for  1-1/4  hours.  At  this  time,  about  60)t  of  the  theo¬ 
retical  amount  of  gas  (based  on  carbon  dioxide)  had  evolved.  Infrared  analysis 
of  the  gas  showed  primarily  carbon  dioxide  with  a  lesser  amount  of  ethylene  and 
a  trace  of  silicon  tetrafluoride.  After  this  heating  period,  the  reatetion  mix¬ 
ture  was  allowed  to  cool  to  room  temperature.  Ether  was  added  dropwlse,  with 
stirring,  until  the  reaction  mixture  was  cloudy.  An  oily  product  separated 
which  could  not  be  Induced  to  solidity.  No  further  purification  was  attengrted. 

*AeroJet -General  Report  238I,  October  1962,  p.  32  (Confidential). 
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D.  REACTIONS  OF  2, 2-DINI!ni0-2-FUXNt0ETBAH0L  (V.  Qrakauskas) 

1.  Discussion 

The  oxidation  of  2,2-dinltro-2-fluo3roethauaol  was  investigated 
with  the  objective  of  preparing  2,2-dinltro-2-fluoroacetaldehyde.  !Rtls  cosipound. 
might  be  reacted  with  dlfluoreunlne  to  give  energetic  Intermediates >  and  with  nitro- 
alcohols  to  give  stable,  lover-energy  nltroplastlclzers .  ^e  starting  material  was 
prepeored  by  the  flourinatlon  of  salts,  of  2,2-dlnltroethanol.^ 

Dlnltrofluoroethanol  reacted  slowly  with  100^  nitric  add  at 
room  temperature  to  give  the  corresponding  nitrate:  ’ 

FC(N02)2CH20H  +  HNO^  - »  FC(N02)2CH20N0g 

The  somewhat  Impure  compound  was  identified  on  the  basis  of  Its  elementsil  anal¬ 
ysis,  and  Its  Infrared  and  NMR  spectra.  The  alcohol  also  reacted  slowly  with 
70^  nitric  acid,  but  the  products  have  not  yet  been  Identified. 

Dlnltrofluoroethanol  also  reacted  with  primEoy  or  secondenry 
amines  to  give  the  Mannlch  reaction  products: 

(H.O)  (H-0) 

FC(N02)2CH20H  +  RNH^ - ^  FC(N02)2CH2HHR  +  RgNH - ^  FC(N02)2CH2lIRg 

(Dinitrofluoroethyl)methylamine  (R  =  CH^)  was  characterized  on  the  basis  of  its 
elemental  analysis.  Its  Infrared  spectrum  (Figure  2U)  and  Its  proton  (Figure  2$) 
and  fluorine  (Figure  26)  NMR  spectra.  Slmlleurly,  (dlnitrofluoroethyl)dimethylamlne 
was 'fully  characterized  (its  infreured  spectrum  is  shown  In  Figure  27).  Tbe 
hydrochloride  salts  of  both  amines  were  also  prepared  smd  characterized. 

The  reaction  of  dlnltrofluoroethanol  with  an  excess  of  concen¬ 
trated  ammonium  hydroxide  resulted  In  decomposition.  On  the  other  hand,  a  dilute 
aqueous  solution  containing,  an  equimolea*  ratio  of  these  reagents,  deposited  a  yellow 
water- insoluble  liquid  which  exploded'  sifter  it  was  Isolated  and  was  allowed  to 
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stand  at  room  tenperature  overnight.  In  another  expffrinent,  the  reaction  product, 
in  the  original  aqueous  solution,,  was  treaty  with  an  equimolar  quantity  of  ethyl 
chlorof ornate : 

ClCOOCpH, 

FC(n62)2CH20H  +  - >  PC(N02)2CH2»H2  .  . . FC(N02)2CH2HHC00C2H5 

Ethyl  dinitrofluoroethylcarbamate  was  obtained  in  10  to  1%  yields  and  was  char¬ 
acterized  on  the  basis  of  Its  elemental  suialysls.  Its  Infrared  spectrum  (Figure 
28)  and  Its  proton  (Figure  29)  and  fluorine  (Figure  30)  MMR  spectra.  The  main 
product  of  this  reaction  was  dlnltrofluoroethyl  ethyl  carbonate,  C2H^0C00CH2C(H0g)gF. 
It  Is  not  clear  why,  If  the  reaction  between  the  alcohol  emd  amnonla  was  Incom¬ 
plete,  chloroformate  did  not  preferably  react  with  ammonia.  Methyl  dinltro- 
fluoroethylcarbanate  was  similarly  synthesized  from  the  crude  amine  emd  methyl 
chloroformate. 

The  possibility  that  dinltrofluoroethylcarbamates  in  the  above 
reactions  may  be  produced  in  a  Mannich  reaction  between  dlnltrofluoroethanol  and 
carbamate  (produced  from  chloroformates  and  ammonia)  wm  eliminated  when  it  was 
shown  In  a  separate  experiment  that  an  equimolar  mixture  of  these  reagents  did 
not  react,  even  at  elevated  temperatures. 

2.  ,  Experimental 

a.  2, 2-Dlnitro-2-fluoroethylnitrate 

Four  grams  of  dlnltrofluoroethanol  was  added  at  0  to  5°C 
(with  stirring)  to  20  ml  of  100^  nitric  acid;  the  resulting  solution  was  allowed 
to  warm  up  to  25°C  and  allowed  to  stand  at  room  temperature  for  a  period  of 
2  hours.  The  reaction  mixture  was  poured  onto  100  g  of  crushed  ice  and  water- 
insoluble  liquid  was  extracted  with  20  ml  of  carbon  tetrachloride.  The  extract 
was  worked  up  to  give  0.8  g  of  a  colorless  liquid,  b.p.  27-28°C/0.1  mm.  Infrared 
and  NMR  spectra  of  the  product  agreed  well  with  the  nitrate  structure,  but  HMR 
spectra  indicated  the  presence  of  a  contaminant  —  probably  the  alcohol.  Attempts 
to  purify  the  material  by  gas  chromatography  were  unsuccessful,  resulting  in 
decomposition  of  the  nitrate. 
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Anal.  Calc'd  for  CgHgBjFO^;  C,  12.07;  H,  1.01;  H,  21.11;  P,  9.5*» 

Pound:  C,  12.6;  H,  1.4;  5,  19-5;  F,  9.8 

The  aqueous  phase  was  extracted  with  methylene  chloride 
and  2.3  g  of  dlnltrofluoroethanol  was  recovered. 

b.  Chlorofluorodinltromethane  . 

Ten  grams  of  dlnltrofluoroethanol  was  added  (with  stirring 
and  cooling  at  5  to  10°C  over  a  period  of  10  min)  to  100  ml  of  5.3^^  aqueous  sodium 
hypochlorite.  The  reaction  mixture  containing  about  3  ml  of  water-insoluble 
liquid  was  extracted  with  75  ml  of  methylene  chloride,  and  the  extract  worked  up 
to  give  6.0  g  of  a  colorless  liquid,  b.p.  (estimated)  80-85°C.  The  compound  was 
somewhat  contaminated  with  the  solvent  and  an  analytical  scuple  obtained  by  gsas 
chromatography. 

■  Anal.  Calc'd  for  CPClNgOj^:  C,  7.58;  H,  0.0;  N,  17.68;  F,  11. 98 

Found:  C,  7.50;  H,  0.5,  N,  17.5;  F,  12.0 


Infrared  (Figure  22)  and  fluorine  MMR  spectra  (Figure  25)  of  the  product  were  In 
eigreement  with  the  structure. 


The  fluorine  MMR  spectrum  (in  CClj^  solution  with  CPCl^ 
as  an  Internal  reference)  consists  of  a  single  signal,  a  quintet  at  •>■68.43  i>pin 
with  a  splitting  of  11.1  cps.  The  quintet  form  of  the  signal  suggests  coupling 


to  four  equivalent  protons.  However,  no  signals  were  observed  In  the  proton 
spectrum  and  the  hydrogen  content  by  elemental  analysis  Is  only  0.3^.  In  addi¬ 
tion,  a  quintet  resulting  from  coupling  to  four  nuclei  with  a  spin  of  l/2  should 
have  an  Intensity  distribution  1:4: 6: 4:1,  which  does  not  correspond  to  the  signal 
observed.  The  only  remaining  possibility  Is  that  the  splitting  results  from 


coupling  to  the  two  equivalent  nitrogens.  The  two  nitrogen  nuclei  would  produce 
an  intensity  distribution  1:2:3:2:1,  since  the  spin  of  nitrogen  Is  1.  This 


corresponds  much  more  closely  to  the  observed  distribution. 


Such  couplings  of  nitrogen  are  rarely  observed  since  the 
Interaction  of  the  nitrogen  quadrupole  with  the  electrical  environment  usually 
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shortens  Its  relaxation  time  suffer '>;ntly  to  renove  any  splitting.  Apparently, 

In  FC (1102)201  the  nitrogens  are  fortuitously  In  an  envtronsMnt  of  hlc^  electrical 
syimetry.  Consequently,  the  relaxation  time  Is  lengthened,  permitting  observa¬ 
tion  of  the  splitting. 

c.  2,2-Dinitro-2-fluoroethylmethylanine 

A  solution  of  4.0  g  (0.1  mole)  of  sodium  hydroxide  In 
15  ml  of  vater  was  added  (at  room  temperature  with  stirring  over  a  5"Bla  period) 
to  a  solution  of  6.75  8  (0*1  mole)  of  methylamlne  hydrochloride  and  15.4  g 
(0.1  mole)  of  dinltrofluoroethanol  In  100  ml  water.  The  reaction  mixture  was 
stirred  for  additional  5  min  and  the  yellow  water-insoluble  liquid  was  extracted 
with  two  30-ml  portions  of  carbon  tetrachloride.  !^e  combined  extracts  were 
worked  up  to  give  12.0  g  (72^  yield)  of  a  yellow  liquid,  b.p.  32°C/0.1  mo, 

1.4275.  •  , 

Anal.  Calc'd  for  CjHgN^FOj^:  .  C,-21.56;  H,  3.62;  N,  25. 15;  F,  11.57 

Found:  C,  21.9;  H,  3.7;  N,  24.8;  F,  11.6 

The  infrared  spectrum  of  the  compovind  is  shown,  in  Figure  24. 

The  60-mc  proton  (Figure  25)  and  56.4  me  fluorine  (Fig¬ 
ure  26)  hMR  spectra  were  obtained  using  ewbon  tetrachloride  as  the  solvent  and 
and  CFCl^  as  internal  references.  The  proton  spectrum  consists  of  a 
broadened  peeik  at  1.29  Ppm,  and  a  doublet  at  3.85  ppm  (splitting  l8.7  cps). 

The  signal  at  1.29  PPO  Is  assigned  to  the  -MH-  proton.  The  signal  at  2.55  Ppm 
is  assigned  to  the  -CH^  proton.  The  splitting  on  the  doublet  is  consistent  with 
the  expected  HF  coupling  and  this  signal  Is  Mslgned  to  the  FC(]f02)2(^~  proton. 

The  fluorine  DMR  spectrum  consists  of  a  signal -broadened 

peak  at  +IO9.8  ppm. 

d.  2,2-Dlnltro-2-fluoroethylmethylamlne  Hydrochloride 

Three  grams  of  concentrated  hydrochloric  Mid  was  added 
(with  stirring  at  room  temperature)  to  a  solution  of  5.0  g  (0.03  mole)  of 
2,2-dinltro-2-fluoroethylmethylamlne  In  80  ml  of  absolute  ethanol.  The  clear 
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solution  vas  stirred  for  10  min  and  then  was  treated  with  200  ml  of  anhydrous  diethyl 
ether,  resulting  In  deposition  of  a  white  solid.  The  solid  was  collected,  washed 
with  diethyl  ether,  and  vacuum  dried;  m.p.  120-122°C,  weight  2,5  g» 

Anal.  Calc'd  for  C^H^lN^Oj^:  C,  17.70;  H,  3.*^6;  N,  20.64;  F,  9.55 

Pound:  C,  17.6;  H,  5.5;  N>  20.4;  P,  9.4 

e. .  2,2-Dinitro-2-fluoroethyldimethylainine 

2,2-Dinitro-2-fluoroethyldlmethylanine  was  synthesized  in 
jQfjl)  yield  following  the  procedure  described  under  paragraph  II,D,2,c.  The  can- 
pound  is  a  yellow  liquid,  b.p.  23-24°c/0.1  mm,  1.4200. 

Anal.  Calc'd  for  Cj^HgNjFOj^:  C,  26.52;  H,  4.45;  N,  23.20;  F,  10.49 

Pound:  C,  26.5;  H,  4.7;  N,  22.8;  F,  10.0 

The  infrared  spectrum  of  the  compound  is  shown  in  Figure  27. 

f.  2,2-Dinitro-2-fluoroethyldimethylamine  Hydrochloride 

2-2-Dinitro-2-fluoroethyldimethylaalne  hydrochloride  was 
prepared  from  the  amine  and  concentrated  hydrochloric  acid  in  ethanolic  solution 
following  the  procedure  described  in  parsigraph  II,D,2,d.  In  this  case  most  of 
the'material  precipitated  from  the  solution  without  addition  of  diethyl  ether. 

The  compound  is  a  white  solid,  m.p.  110-112°C. 

Anal.  Calc'd  for  C^H^FClNjOj^:  C,  22.08;  H,  4.17;  N,  19.51;  P,  8.75 

Pound:  C,  22.0;  H,  4.4;  H,  l8.7;  F,  8.9 

g.  2 , 2-Dinitro-2-f luoroethylethylcarbonate 

A  solution  of  6.0  g  of  28^  anmonlum  hydroxide  («  0.1  mole 
HH^)  in  25  ml  water  was  added  (with  stirring  at  room  temperature)  to  a  solution 
of  15.4  g  (0.1  mole)  of  dinitrofluoroethanol  in  50  ml  water.  The  reaction  mix¬ 
ture  turned  yellow  and  gradually  a  yellow  water -Insoluble  liquid  deposited.  The 


CONFIDENTIAL 


Page  24 


CONFIDENTIAL 


II  Technical  Discussion,  D  (cont. )  Report  Ro.  0235-01-18 

reaction  mixture  was  stirred  for  30  ®1d  then  treated  with  5»**  E  (0.05  mole) 
of  ethyl  chloroformate.  External  cooling  was  applied  to  keep  the  reaction  tem¬ 
perature  at  20  to  25°C.  After  a  few  minutes  a  solution  of  4.0  g  (O.l  mole) 
sodium  hydroxide  in  25  ml  water  was  added  to  the  reaction  mixture,  followed  hy 
another  5*4  g  portion  of  ethyl  chloroformate.  The  reaction  mixture  was  stirred 
for  an  additional  JO  min  and  then  the  water- Insoluble  yellow  liquid  was  ex¬ 
tracted  with  two  JO-ml  portions  of  methylene  chloride.  The  methylene  chloride 
extracts  were  worked  up  to  give  IJ.O  g  of  a  colorless  liquid,  b.p.  53“54°C/ 

0.1  mm,  n^^  1.4215. 

Anal.  Calc'd  for  C^H.^2^0^'  5*12;  N,  12.4;  F,  8.4 

Found:  C,  25.8;  H,  3.2;  N,  I3.5;  F,  8.5 

The  60-mc  proton  and  56. 4 -me  fluorine  HMR  spectra  were 
obtained  in  carbon  tetrachloride  solution  containing  TMS  emd  CFClj  as  Internal 
references.  The  proton  spectrum  consists  of  a  triplet  at  l.JJ  ppm,  a  quartet  at 

4.23  ppm,  and  a  doublet  at  5.17  ppn  (splitting  15.7  cps).  The  triplet  and  quartet 

are  characteristic  of  a  methyl  arid  methylene  of  a  CHjCHg-  group.  The  doublet  is 
assigned  to  the  FC(N02)2CHg-  protons. 

The  fluorine  spectrum  consists  of  a  single  broadened  peak 
at  +111.3  ppm  and  is  assigned  to  the  FC(N02)2CH2"  fluorine. 

h.  Ethyl  2,2-Dinltro-2-fluoroethylcarbamate 

After  removal  of  2,2-dlnitro-2-fluorethylethylcarbonate 
(see  paragraph  II,D,2,g),  the  distillation  residue  was  subjected  to  further  dis¬ 
tillation  to  give  4,0  g  of  a  colorless  liquid,  b.p.  85  to  95  C/O.l  mm.  An 
analytical  sample  of  this  product,  b.p.  85°C/0.1  mm,  1.4425,  was  obtained 
on  redistillation. 

Anal.  Calc'd  for  C^qN^FO^:  C,  26.67;  H,  5.58;  N,  18.67;  F,  8.44 

Found:  C,  .26.6;  H,  3.9;  R»  17.8;  F,  9.1 

The  infrared  spectrum  of  the  material  is  shown  in  Figure  28. 
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The  60^c  proton  (Figure  29)  anl  56.U-bc  fluorine  (Fig¬ 
ure  30)  NHR  spectra  were  obtained  using  IMS  and  CFCl^  as  internal  references  in 
carbon  tetrachloride  solution.  The  proton  spectrum  consists  of  a  triplet  at 

I. 23  ppin,  a  series  of  seven  lines,  and  a  broadened  triplet  at  5*93  PP®*  Th® 
triplet  at  I.23  ppm  is  assigned  to  the  methyl  protons  at  -OCHgCHj.  The  broad¬ 
ened  triplet  at  5*93  PP®  is  assigned  to  the  -CHglffl-  proton.  The  seven  lines  can 
be  resolved  into  two  adjacent  quartets. whose  neeurest  lines  are  overlapped.  The 
quartet  at  U.IO  ppm  is  assigned  to  the  -OCHgCHj  protons.  The  second  set  of  four 
lines  is  interpreted  as  a  split  doublet  resulting  from  the  NF  and  RH  coupling 
for  the  FC(N02)CI^NH-  protons  centered  at  k.k6  ppm.  The  fluorine  proton  coupling 
obtained  with  this  assignment  is  15*1  csps  and  comopeures  favorably  with  l4.9  cps, 
the  value  obtained  from  the  fluorine  spectrum. 

The  fluorine  spectrum  shows  a  triplet  at  +109.*^7  PP® 
(splitting  IU.9  cps).  This  signal  is  assigned  to  the  PC(N02)gCH2-  fluorine. 

i.  Methyl  2, 2-Dinitro-2-fluoroethylcarb€uiiate 

Methyl  2,2-dinitro-2-fluoroethylcarbamate,  a  white  solid 
with  m.p.  4o  to  4l°C,  was  synthesized  by  the  method  used  for  the  corre¬ 
sponding  ethyl  es.ter  (see  parsigraph  ll,D,2,h).  The  compound  boiled  at  100  to 
115°C/0.1.mm  and  solldifed  in  the  receiver.  The  material  was  further  purified 
by  recrystallization  from  carbon  tetrachloride,  yield  2056,  m.p.  40-4l  C. 

Anal.  Calc'd  for  C^HgNjFO^: 

Found: 

III.  •  FEI^OMMEL 

The  experimental  synthesis  work  was  performed  by  F.  J.  Gerhajrt,  M.  Mascari, 

J.  Cavallo,  A.  H.  Ramanlck,  V.  Grakauskas,  and  K.  Baum.  Analytical  support  was 
provided  by  H.  Nelson  (NMR),  K.  Inouye  (microanalysis),  D.  I.  Matson  (IR),  and 

K.  Deuel  (gas  chromatography). 


C,  22.76;  H,  2.87;  N,  I9.9I;  F,  9.OO 
C,  22.8;  H,  3.5;  N,  20.1;  F,  9.I 
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;::m  iiiii iim  mll.•Ml  mitmii  miirai  Bran  mnmN  iiniinii  iiiiihiii  minim  minim  n 

Himiiinfi  . .  . ••nranmanintniiti  niMHiiiiiiiiiHMmMiiniifiMuiuii 

III  miiHiM  HIIIIMII  mini . "mimmi  lUHiiiiiiiiiiiiiM  mMiiiii  immmmni 

::hi  mil  fur  . .  — r  rr“;...i  urn  mil  iiliiimi  rnimi  unumt  rani 

..III  minim  " . .  minim  miiran  iinimi  mi  hi  u  iniinHi  iiiiiiImi  nuiniii  imuiii  Mini 

...II  HIM  mi  IIIIIMII  HIM  mil  iitiiranfiranmiiHinmniiijMiiiinm  iitiiiii!i  Hrauiii  mnl 
iiiMHiMiHH  iiiiHiimimiiimuMirainiiiiMnHiimiiniiMiiiniiiiHNniminiifiiiimifl 
.:iM  miiHiM  ’iiiMii  HMiMMi  miinn  ranp  miiiim  tmimn  miiNtfi  niMmii  inu  mn  m 
mil  minim  .mimi  minim  iiiiinu  nraB  miiiNH  mniim  miinm  ninmii  mmii  ■ 

;:tii  IIMIHII.  *«MMiiiminiMi  HiiiranMiMmMiHtimiiiHiimiimii  HHimn  miimn  ii„  _ 
miiirmmn  ’r;..nMmutiiiiiiMiiin«nraiiiiMmniiniiiinHiiiiifnHffnniiininim  mnl 
.:iii  miini<  miiiiiM  hiiiimii  him imi  hmrhi  iimiumi  iiiimiiii  hmmimi  imii niii  tiwiiiti  (iml 
hhiiimmi»  HiiiiiiiiHMMNMHMiranjMinramniiMiimiMiimMiiMimumiiHHnic 
yHi  IIMI  mi  IIIIIHIII  H  iiiim  HIM  mi  Bmn  iniihim  mnmii  tiiinmi  iimHiii  iimhc 
mil  mum  iNiiMiii  Hiiiiim  iiiiinw  raiM  iiiiimii  lUHpiHintin  hh  ium  iwnini  Hit 
nmmiMi  .i  mmiiii  iiiiihiii  iHiiMiinmiiHiiimiiranHf  t min  wmHuwHmimiiHi.. 
’iM  HIM  It  II  mil  mil  HIIIIMII  HMiwn  mMMM  miniin  mnNHiminifti  itmnni  HJinimHinl 
|ufM  HMMi  H  mniiiii  HiMMiM  muiini  wnran  mniitn  hihhiii  iiiiinm  iiHiMiti  innHin  mnl 

n  miiH. '  imiii  lUHiiiim  mnran  innran  miiiiMi  Manmiiiir*^  - - — ■ 

.:iii  miiir  ii  ijuniiti  hhiuhi  mnran  ranM  ijmiliti  ran  urn  liit 
••til  Hum  «  miiiiiti  IHHIIHI  H  iinwMran  miinin  mniHii  ii" 

HIM  HfllH  N  IIMMHM  itlUIIMI  >MM  HIM  imiHM  Hill  IIMI  INHHNI  H 

mil  HWii  «  rapiHM  HIM  HIM  mil  nniH  ran  nil  HHI  nramnimiiHii  111111111  iiMtiHMiitn 
nw  mnit  H  raniiiii  iiiinim  mtinii  Mran  HHtiMfi  niiinin  miiran  iraiim  (miRiiiiitn 
..III  muH.  I  lUHiMii  minim  mtiran  miM  hihihii  ran  miii  miiwn  mUHiii  ranmit  nn 
uNiHiuHN  iiiiiMiimi  iim  miijraigiBiiMimiinMiHiM  miiiimiiainitiirammHni 
-Ml  HiniH  iniiiiti  himhim  mii ran  miii  hhi iiia  ninninmiiiiiiiraiiiiii  mniittiitfn 
.::ii  HiHHi  ‘  miiiMii  miimn  mnran  ran  ran  miniiii  mniim'imiiin  rattmn  uNiHiHnin 
:iii  tiiim  HtfMMimiHim  mnran  ranran  himiihi  mu  iimi  iiiiinni  mnmii  mumniini 
:iti  tHiii.  ’MiMiiHHimtiHiiiravnnimHHimriiifnnHiitiMHeMHRiMmiiiiitinni 
..HI  MNHn  raninfi  minim  itniran  rnnlt  miiirtii  miiiHiimitm  mHui  miiiiiMimi 
..IM  fiMiitf  mNiiiii  mil  HIM  miintn  raunra  HHiHtM  rniiHMi  hiiiIqi  niiiliHi  nNtiiMMitn 
■MM  Miira  ratiiHii  mil  HIM  him  Hirannn  himhim  inMUHitMMnwmmiufiHHniiiimii 
iM  iiHMir  -wiHMi  rmmi)  him  ran  ran  ran  hhi  mn  HlNmn  Hiiinni  mtiiitii  minim  mu 
■•Ml  Miimit  *«itmiimMimi  tniran  mran  HiiiiiMi  HIM  mil  miinaiitiHuiiimiHiiMtfii 
■M  IIUIIU11  H<HiiHHimi<miiniBnranraHiMiMiniiifHfiiiiMMHiiimntiiiiiiiniifimH 
IM  MIIHfll  niliM,  ■  'itinHiMinPiMMIIHf'liMHtM’MMimiHMilllllifMnMfllllll 
I  .IM  HHmMraMHMi  111(11111  HHIUn  . . HI  MHMIIi<mil|JMHIllMHIItll{ 

■M  uiDfiM . . .  . . >MiiiiHfiniHimimiiiiiiii 

•HI  IIM  HIM  '  ,111111  iiniiini  Miiran  INI  ran  HIM  mn  hmiimii  miMnii  imniiMiiiilumnni 
•HI  uMiiMi  •  HHiii  wiMMi  NiimRmnumiiHiiimMmii  imniiimKiimtHinfiiniin 

•  III  iiiMMii  tf  niiHi  iniiiiM  'iiiiraniiiiniti  'Imhimi  miMiHiiMiiHmiHuiHMiiWHHiiini 
III  iiiMMM  'll  Hill  iiiHiiM  Hiiranmnniii  iMiHMi  him  iiiii  mii  him  miiHiiMHHiHiitwi 

. . . Ml  HMiiiiiiiiiKiiiHMimtirannraHiHiMMmMtiiniMMHwnMifNimMNinraM 

,H  iHimM  iiHHHi  niiHin  iiiiniiimniNn<MiiiiiiiHHiniti>iiiiiHniifMMinniHHffimn 
II'  immi  ililHIi:  HIIHIliHMimUillMNNi  HlltlMnillMIMnilllMllimnMIMtinimittnil 

II  iititiii  -tiiHiM  iiiiiHM  HiimiitfiiiHiii  iiiimii>MiMitiimMnHiiHiiiiiiiHniiitfiinM 

Mil  Mil  in  HHIII  IIMIHII  HIIIIIM  iMMlftr  MtlHHnilMHIil'IMMHMlMMIMlillHIMIMnNl 

.,11  HI.  Ill'  >i  iil  Mil, HI  ilHHIM  immi!  MMHM’  tnt‘nM'Mllltll>>ltMIII!"nHMIM*m' 

.III  III)  II)  M'  'll  MIIHM'  MIliriM  milHIlf  MililtMiMMHIM'MMIIIliiHKMIiHIHltllllllfn 

■  III  IIII'MI  III  til  limiH  MIIHM!  milHIII  MMIIIII  IIIIMMiHIMmilllHiHlllilHiltfItmn 

I  till  HiniMi  HHI  HHI  IMIilUt 'MMiMti  'mmiHittlltHIl'twmwniMI 


nil 


IHI 


IMIIIIIIIIIIUIIIIIIIIIIIIIIIIIIIIIIIII 

M  IHIIIiMI  IIIII  HIM  HIM  IIMI  HHI  IIIII  IIMI  . . . 

mHinirt^:..(iruMHHiH|M  HIM  Hiiiitiii  IIIII  . . . 

IlilliiilllllllHIIIIliyiiililllllllUlHIIIIillllllllllUIIII^^ 
HiiiiiiiiiiiiHHiiiiiiiiiiiwiiiiiiiiiunniiniiiiiiiHiiiiiH 
iiiiiiiiiHiiiiiiiiiiiiimiiuiiiiuiiiiiiiifliiiiiiiiiiiiiiiiiiiiiiii 
llininilllllll!!!!!!!!!!l»''''"'''!'!!!lll!::i:!lllll^^ 

iniiiiiiiiiiiiijiHjiijiiiiijiijiiiiiiiiiiin,,:''!iiHiiiiHi 

irH»r'iyiriHIII'ailll''^MIIir'M!::;;''': 

iii.  isiJ  iS!!iiiiili|l!niiiii::i::""'")inillllll)H 
III  Ml  raR^H Rra irai iiM inti HHi ••••  ••-miiitiiiiniin;;;; 

imiljnjilHyujiliL;;;;;;;! 

INilM|nMll|rara9!!!!!!!!!l!!L'!!!!!!'!' 

iiinii|ttjiiiiiiillliimiiittiflHimiii...w 
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IHiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiuiiiiiiiiiiiiniitiiiii 

iiiiiiiiiiiiiHiiiiiiiHiiHiiiiiiiiiiiiiiiii 

niiiiiiiiiiilniiiiiiiiiiiiiHiiiiiiiiiiiitiiiiii 

lllllllllljltlffil<IIIIIIIIIIHIillllHIIIIHNItlllllllllHlllill{ 

lllllllllilUlllltHIHIjllilllUIIIHIIIIIIIIIlilllllllllllllUlilllll 
llllinillllKiillllllllllllilllllillllllllillillilllllllilHIl 

llllMlIIIIIHIIIIIIIIIlllilllltlllllUllllllllllinillllHlI 
lUIIIIIIIIIIIIIIIIIIIIIIIIIHHIHIItlllHIIIIinilHiUlllill 

liiiiiiiiiiiiiiitiiiiiiiiiiiniiiiiiiiiiiHiiniiiiliiiu 

lllllilllllliilllllUllllllttHHIlUIIIIIIIIHIIIIIlllUUIIIII 
iiiiiuiiiiiiiiiitiiiHiiiiiiiHiiiHiiyujuifiiiiiiinii 
iiiiiiiiynuiiiHiiiiHiiuii 

iiiiiiiiiiinHuiiiiiiiiitii _ _ 

liniiiii«niiiiiiiiiiiHifliiinniii«HiHiiMfliyiiyinflByiiHiifl 
litiNHHiiiiiipHHHHiiiiniiifliflNiiiiniiifliiffiiuiiiiiyHyH  mnii 

iiiiiiiiiHiiiiffliiiniiiHniiiiflHiiiHiiiniyiiflnitiiii'  imiii  , 

iimminiHiiiiijiuniiiiiiiii  .i 
niiiAuiiiiiQgiiiiiifliniiiiiii8ffiaitiiiiP:.d 


III  fllllUHl 

ill  niHjiyiRl 

III  1 
Ui  ilHIIII 

nil  Wi 
nil  iiiHL , 

mil  miiiiii 
miiiii 


IHIIIHIIII 


Ill 


iiin 


iiiiii 

||"I• 


MIIHIBI 


Rmfliiiiiii  til 
HinilllK  IIDHIll 

(jiiHiiiHiiiii  iiimt 

ililRpill  iW 

"■■ill . . 


iiillllllMiiilllllllilillir'Ii  IMIllltii  IMHIIIi  ilMlIlli;  Itlinil  iUiilM  :!iin 
(HlllllliMlinniliMUlU  till  nil  IMI  till  IIMIIIH 

IIMltlllltltailltllllilililHtilllllMliil  llltntll'  . . .  MIlliHitdltltll  iniiilMIM!iHi 

’dtlllllllllli  !|iillllli  illllittllllllMttt^  'III Hit:  lillMIII  IMI nil:  lUi lilt  IIMIIM  IjlltiHI 

laiitiMiKiiiifiiniiiMiiMiHiHMinhd  u.  11111:1111111111111111  nihiiiii  ntiniii  iiuhim 
iiMiitiihliiitMiiiiii  'iinniMiiiiiMi'  iif«  niii  it  mil*'  iMmiUMiiiinin  iiimii  nimm' 
iiiiiiiHiiiiiniiiiMimiiiiiiimiiiuiit  ;;<iimi  Miiiiiii  iiiniiii  iimiiiih  . . . 

iiiiMiiii Hill  itMitMmiMniil>'‘''  .iii>iiHtiiHi  iiiMim>itmiii  [iHi Hill  iMimt*  itmiir  .. 

:iinHiMiniiiiiiiMintH'‘'...iiiiiiUi<ftiitiiiiiiiiiiniiniMniiii  iiiNiM  itiiiiittiitiiiiir  iiii 
iIMt  Hill  Hill  ijllilill!  .Ill  Hill  IlillltUi  initlllil  IIIIMIIII  itlMItld  ittIHlIII  lllitlltl.  >11111111  <in 
‘•HllllllltMl  lilllllli'  IIII  Mill  I  nil  Hill  mil  Mill  Hill  till'  Hllllllil  illltliili  till  II 1 1  IlliUtl  III) 
IIIIHKIiMlItlUlliltit  IlilllKl  illllillll  Hill  ttlll  till  It  III  Illllllil;  Mill  mil  Hliitlli. IIII  llilMMlI 

mil  iHiiiiiiiimi  Hill  iiiiitittmiiiiiiiiiuimiiiniiiiiiiHiiiiiii!  mil  mit  tint  Hill  iiihmii  iin 
iiiiiiiHiiiHiiHiimii  'iiiiHiitMiiniiiuitMiiiiiiiniiiitmiiiMii  iiiiiiHi'iiiiiiHimiiiiiii  tni 
Hill  Hill  Hill  miiinit  HiniiiiiiiiiintiiiiNiiMimijiiMMiiiiiiiimiMiiiiimNMMmtmiH'mii 
itllMiililiMitiMiMMi  iHl liiiniliiillli iilliniii tumult ttMiiMii  iimiiiMMiuitdfuniiii'  im 

tniimiiitttiiiiiiiiit  HiniiiiimiiiiMtiiiiimii  mil  Hill  mil  Hill  itiiiiiiiiiiitiiinitiinniii  III! 
.iiiiiiHiiMiiiuiiHi  iiHiiHiiiiiHinitJiiiiHUiimiiHiiimjimihiiitmiiiMitMHimiiiinj  Mii 
HiiimiiiHiiitiiiii'  i)iiiiHiiiiiMiniiiUNtiir»tmitHtiimiiiiiii iiiiimiimiiitiiimiiiiiiKitii 

■  •iiimiiiiiiimiiM  II  till  IIIIII  miiiniimit  Hill  mHititimiiHiii  mil  mil  Hill  Mill  nil . . 

iiiiiiiiiiimimiii  ill  Hill  Hill  miiiiiii  iitiiiiMi  miiiiiii  iiiiiiiiM :  till  Hill  mil  Hill  iiiimii  mi 
Mill miiiiiiiiiiiMiii Hllllllil  miiiiiii  [UiiiUiiiiiiiiiiiniiniiiiimiiiiiiimiiHiii  III! Hill  iiiii 
Hill  iiiiiiiiii  nil  Hill  iMiiiuiiiiiiiiiNiiiHiiiiumiHiiiiHiiiiiitimiiHiii  mil  Hilt  iiiiimiiiiiii 
Hill  HIM  lllliir.iilHlrtillliHI  imilNMlilltitHimilliHnHilllHIIIHHIIIllllltMHimillH^iHI 
Hill  mil iiNi  II'. Him  IIIIIIIIII  iHiiitiii  iiufutimiiiiiii  hiiihhi  mnmii  itiiiniii  miiiim  mit 
Hill  IIIIIIIIII  II  IIII  II  iiiiiuiiiiiiMMiii  Hllllllil  miiHHimiiiiiitmimniHiiitimmiimii  mil 
•"llllilllllMII  mi  ItlHIIIIIIIIMhllllilliUiHtlllHIIItllllllHIIIMIHHIIIIilitlliHilHiliniimil 
IHIIIIItlltIHII  Mil  IIIIIIIIIUIIilllimilllHUIIIIIIIMIMIHHilMlimiHn  MIMIHHIlHHIinilllll 
IHIIillllHIlilMni  MiniltmilMIMltllimilinillllllMIIIMMIIMimiHIIMtllHMIllllMHIlfHiMl 
iMiiiiMMiiMi  iiiiihiiiHiMMiiiMimiitiiRiiiiimiiiMitmiiiMtiHiiiiiiuiniiiiiiiiiiHiimmii 
Hill  lllllltlli  'tMIIMI  HIMimi  IMMNItl  HMIIIIII IIIIIIIMI IIIUIUII  HlllilMi  IIIMtIMt  IIMilllll  Hill 
•Mil  IlllliUll  I  IIMilll  IIIIII1HI  IIIHimt  IIIIIIIIII  IIIIIIMIt  lilMlllil  ItllMIfll  tllliillll  IIIIMIIII  Hill 
Mill  imiintl  I  tIMIIII  iim  Mill  IIIIINM  liniHItl  llllltlll)  II  MIIIII  Hill  NtH  IHIIUMIIIIIMIIII  mil 
iiiiiiuiiiiNiii.MHiiiitiMiHiiiiiiiiiai  IttIHlIII  miiiiMiiiiiiiHii  rmimti  uihimiiiimiiimmimi 
iiiiiiiiiiiuiiiii.Mim  liiMiiiiiiiMimiiiNiiMni  Hllllllil  HMimiiiiiMuiii  IINI  nMiiiiniiHi  mil 
HlllllililHlI  lIM.'IMI  HIM  Mill  IIIMIItn  Ullllltlt  HIM  Mill  IMIHIIII HIIIHIII  MNiinil  IIIIIIIIII  HHI 
“Miiiiiiinii  iiiM.'Mi  IIIIIIIIII  IIIIIIIIII  iitn in liiiiMMiiMiiiMiiiMiiniiin  ihm  11111111111111111111 
nillllllllHIl  lllllllt  I  IIIIIIIIII  IMMIIliniHllimiimilllllllMlttHIIIMIllll  HIMIIIII  IIIIIIIIII  Hill 
Hill  IIIIIIIIII  IIIMMM  Hllllllil  HIHUIll  mil  HIM  IIIIIIIIII  IIIIIIIIII  llillltlll  lilflllMI  IIIIHMIMIMI 
"lllHMIininiMMItl  HIIIMillllMIttniimilllllHIIlIHlIHUillllimiimilHIMMIIilllHIIHimH 
HIIIIIMIIIUIIIiMtII.  IIIIIIIIII  HMIIini  HMIIIIII  HIIHIIIMIIIHttllllMHiinillMIIIIMlIIIHHI  mil 
IIIIHIIIIIIIII  Hllllllil  •IMHIII  IIIIIIIIII  I1IIHIIIJ  IIIIIIIIII  IIIIIIIIII  HIM  IIIN  ritMMMi  IMIIHHIHMI 
;i.iiiiiiiiiiiMiiMiiiiiiiiti.:r'"iiiiinii  iniiiniiiiiMiiiiMiiHiiiflniinuNiiiiiiniiiuitiMiimii 
•Mil  HIM  wn  IIIIIIIIII  HlllinitHMiu;:'  ‘••nillll  iiiiiiiiii  hiiihhi  him  nut  IHtlHMIlMliminiNI 
Hill  miiiiiiMiiiHiiii  HMIIIIII  iHMaiuimiii."iMiHiMiiMiitMn  iiMiNNtrmiiim  HIIIHIII  mil 
Hill  IIIIIIIHIIIMIIilllHIIIinNIMMiUll  IlHIIII'  iMMHIII  llillltlll  IIIHIMlillHIUHl  Hill  Hill  Hill 
.miHIMIIHIHIIIIIIIIIlitllinilllMlllil  IliltUlll.i'MIlHIHIlilHIl  IIIIIMlilllNimilMIIMmillll 
"III  Hill  Hill  iiMiiiiiiiiiiiiiiiii  iiiiiNi  niniiHMiiih.:<>uiiiiiraiMniiHiiNi|iiiiiiiiiiniiiiiiii 
miiiiiiiiitii  IIIIIIIIII  miiiiiiniiiiiini  iiiiiimMiiiiiiiiiH-miili  liiiiMfinraiiiiHiMnMiiitMii 

Hiiiiiinimi  Hllllllil  HIIIHIII  iiiiiHNi  itiHiirii  . . . till  Hill  Hllllllil  Rtit  Hill  miMiin  mil 

HlltlHMIlllllilMHiinilMIliillMIIHI*:  .oHlItimilillinilltHMIllllHillimilllll  IIIIIIIIII  Hill 
..Mi  IMIliini  iHlillljl  lllllllin  Illlli.  'It  HI  lllltl  HI  IIIIII  IIIIIIIMI  IMIlll  11  ntflllMI  HMIIli  i  Hill 
::iimiiiiMinMMUiiitiMiiitiiiiiiiinii  .r'MHtniiiiMiiiiitiMiiMiiMiiiiHiiiiMmi  Hiiiimitiiii 
“IIIIMIIIIlll  IIIIIIIIIMIIilil  lll|IIIIHMi'«;.tlUIHIIIIIIIIIMI  MIIIIMIHiUHtlMmil  IIIMlilll  HIM 
•••II  HMIIIIII  tHiiiiiiiniiiiiiiiiiii>::Hi  titiiiiiuiiiiiMiiiiitiiHiiiiMiiiMii  mMiiiiitiiiiMiiiiiiii 
Hill  llillltlll  milllMIHillllMItIM mil  iMMIItN  HIM MillllHIIMIIlNMWimniillM  IIMIMIIII 

■Mil iMMiiinmiiMiiiHMiinit  III ilfii HHI ttniiMMiMii Hill mviiHiifilii^imiir . 

Hill  IIIIIIMN IIHIIIIII  HIM  IIII'  .III  Mil  qillilUl  HlllilMi  HMIIllli  IIIM|K~  - 

IIIIMMMIllllllllMlIll  iiiiii:  ••iimilHJilliltlfllHIIIIIMIliMII  Mllllhi 
Hill  HIIIHIII  miiiim  HIIIHIII  HiiinM.  m;;;;;:;  '"•iHiiiMiniiiimlmi 

. . .  Hill  Mill  HIIHNIiHlllHi 

•iiiiiuiiiiMiii't.HHiHiiiiiiiiHiMiiiiiiiMimiiMniniiiiiiiiiMi  n  iia 

•iiiiiiiMiMN  itMiiMirtiuMiiii  jiiiiuiiuiiuntiiiiiiHiiiiniHiiiihini...^^ . . . . 

mniitiiiiii  iiiiiiiiiiiimiiMiiiiiiiiiBiiMiiiiiiMMiMiiiiiiiHMiiniiHnffiilii  IIIIIIIMI  iiiiil 
■••IIIIIMIIM  illllllllllllllllMIlUlininHIMiNHIMMIHIIIIIIIimiHIIIIWIIIliimimilHMIlMIll 
"lillMlllUin.'^IHIIIIimilHIHMIUlNIIIMIHilHI  IMIinilMUHtnilMINilllUHIil IIIIIIIIII Hllll 
. iniiiMMii . . . ‘ . . . . . ■ 


■  mNIHRIMII 
"IHIHNIHHfl 
;:iiiiiMiiMiiii 
..III  IIMIHIII II 
"HI  HMIIIIII  II 
'Ml  IIIIIIIIII  II 
•.ItliMillMllll 


inilHIMIIMi 
IIIIIIIIII Hill 
lUlHMlilllll 
_.  rtmimi  Hill 

MHimuTinniiiimiT 
Hinimi  lUMiuiiiMii 
■iiillii  imiifiiiiMM 


. . . till  iliiiiMii  IIHIIIIII  iiiiMiiii  iiinmNuiiiiM  afMHMi  imiHiii  him 

_ . .  I  MIIIII  tffliiMiiHiMtM;;  ;:.T‘MniMMiMiiiiinniniiiMmn|iiMiiihiiMMi(MM 

|..MilHUIIIII  lUIIIIIII  IIIMIMII HIH'*^  r.J,m  1111111111  IIIIIIMN  Hllllllij  MMj  lUIMIMi  HIN 

■  - MirNIIIIIHIMIIHI  II. -littlllUllllin  Hllllllil  limiMNIIIIIIUNimillfflinNHIM  mil 

1  lllllll  )•••':::..  HIMIMI  Hlllimi  IIIIMIIII  inilHHIHIIHHIIMnNIIIIIHiMMI  Hill 

I  II  •IIIHMMMtllMIIHnfHtnmNlllinillimilllMniMMliamlHitHMIlMIIMII 
I  iiMil.  ">1111111  iiMinwMiuiijiniiMtiMiiiiiiHitiiiniiniiiimiTjtiiUMiiiiiiiiti 
1  lllllil  lllllii.;:  "••IIHI  tHIHIIIimilHMIHIMHm  iHIIHIN  ihm  Hill  IIHMMII  mil 
. I  lltMII  Hlilillll  HIM  Hill  .L:"tUI  IIHIIIIII  IHIHMI1  IIIHNni  HHIIMIl  HHIIIMi  HHI 

_  "II  IIIIMIIII  II  iiiiiiiHiiMiMi tiiiiiNN  mr .iiN  iminiH  miimn  miiuiii  iimnni  huuiiii  him 
liiiiHiMMiiU  II  Hiiiii  iintiiiiimMimi  HIM.!"'  hiiiiimi  hmihin  mutmi  iwitiN  fiumiin  mii 

■  ‘  I  iiiiiiiiMMHMiiMMitnimMRiiiiHt...;:  "MHMi'iiniinr .  “ 

I  MIIIII  . . -immimiiiniii 

I  IIHIII  IIHIIIIII  m•‘'^MllMMIIIIllMIHM>IIMIItMlHHlm•lll 

lllllil  nil  Hill  i>  iiiHuinMHiiiiiuniiiiMiMiHnMMninii 
.  lllllii  IMI  HIM  IIM  JI0  iimHIN  IIIIMIIII  IIMMIIN  HIM|m  H 
I  lllllii  iMiiii.  iitiifN  imitnii  iMiiiiiinHiiHiti  iiiiiniii  n  .  ^ . _ 

I  IlilMI  Hllllllil  ■  HIMI  lUIIIWI  IIIIIIIMI  HMMIIII  HIM  INN  INN  tttlllVU  IIIN  Hllll 
I  lllllii  "':..HIi  HIM  wn  MHWIN IMIMIIIMIHIIIMI IIIMIMN  iMUBtli  IWIIMM  Hllll 
I  llllli.v•••H»mMlltnlHnBNHMM1lMlHMmlllmlMNWll^lrliNHlll  Hllll 

UMiMMiiiMHiiimiiin .  HMiiiiiiuimHi  Hiiimii  mutfiNiwiniii  mill 

niiiiMi  iMMHMiiMiiiii..  ••••Mill  ifimiiN  miiiiHi  r . . ■ 


NUMIHmiMIliUH 
niUN  iHIIUlHHIM 

■HIM  mil  mil  mil 

HIIN  IMMIIIIIilll 
IHifi  miiuMiiMit 
RNt  imi mil  IIIN 


Iiiiii  HIM  Mill  II 

TlMliMinilMH 
l-'i  niUMiiiiii 
J"l  I  IIIIMIIII  II 
IlMUllMMIMl  H 
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Figure  4.  .Infrared  Spectrum  of  5-CSxloro-5-(difluoramino)butyric  Acid 
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Figure  8.  Proton  HMR  Spectriuc  of  H-£2,2-l}lchloro-l-fluorlmino-2-(dlfluorainino)etliy33acetaiDlde 
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Figure  l8.  Fluorine  BMR  Bpectruo  of  J-Difluoraminopropylcar'banBrl  Fluoride 
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Figure  24.  Lifrared  Spectrum  of  (Dlnltrofluoroethyl)iBethylnmine 
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Figures  25  and  26 


Figure  26.  Fluorine  NNR  Spectrua  of  (l)lnltrofluoroeth3rl)iBethylaBlne 
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Figures  27  and  28 


Figure  30.  Fluorine  BMR  Spectrum  of  Ethyl  Dinitrofluoroethylcarbamate 
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